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Abstract 

MICROSOMAL TRIGLYCERIDE TRANSFER PROTEIN 

Nucleic acid saquances» partloulady DMA sequences, 
coding for all or part of the high rAoiecular weight subunit of 
microsomal triglyceride transfer protein, expression vectors 
* containing the DNA sequences* host cells containing the 
expression vectors, and methods uUHzIng these materials. The 
invention also concerns polypeptide molecules comprising all or 
part of the high molecular weight subunit of microsomal 
triglyceride transfer protein, and methods for producing these 
polypeptide molecules. The invention additionally concerns novel 
methods for preventing, stabilizing or causing regression of 
atherosclerosis and therapeutic agents having such activity. The 
invention additionally concerns novel methods for lowering serum 
liquid levels and therapeutic agents having such activity. 
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MICROSOMAL TRIGLYCERIDE 
TRANSFER PROTEIN 

5 CroM.nmfrmncm to R^iaf d Applleation 

This Is a oontinuatlon^n-part of U. 5. patent application Ser. 
No. 847. 503. filed March 6. 1992. 

neld ol tha Invention 
1 0 This invention relates to microsomal triglyceride transfer 

protein, genes for the protein, expression vectors comprising the 
genes, host cells comprising the vectors, methods for producing 
the protein, methods for detecting lnhlt>itors of the protein, and 
methods of using the protein and/or its inhibitors. 

15 

Backoround of the Invention 
The microsomal trIgVcerfde transfer protein (MTP) 
catalyzes the transport of triglyceride (TG). cholesteryl ester (CE). 
and phosphatidylcholine (PC) between small unilamellar vesicles 

20 (SUV). Welterau & Zllversmit. rhpm Phvs Holds aft. 205-22 
(1985). When transfer rales aro expressed as the percent of the 
donor lipid transferred per time, MTP expresses a distinct 
preference for neutral lipid transport (TG and CE), relative to 
phospholipid transport. The protein from bovine liver has been 

25 Isolated and characterized. Wetterau & Zllversmlt. Chnm Phys. 
pplds 38. 205-22 (1985), Potyacrylamide gei electrophoresis 
(PAGE) analysis of the purified protein suggests that the transfer 
protein is a complex of two subunrts of apparent molecular weights 
58,000 and 88,000. since a single band was pres^'^nt when 

30 purified MTP was eiectrophoresed under nondenaturing condition, 
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While two bands o« apparent molecular weights 58.000 and 

66 000 wore identified when electrophoresis was perlormed In the 

prepence of sodium dodecyJ suHate (SOS). These two 
polypeptides are hereinafter relerred to as 58 kOa and 88 KOa. 

respectively, or the 58 kOa and the 88 kOa component ol MTP. 
respectively, or the low molecular weight subuntt and the high 
molecular w«lght suoonH of MTP. respeelh^ly. 

Charactertiation of the 58.000 molecular weight component 
01 bovine MTP Indicates that It Is the prwrtously characterized 
mulUlunctlonal protein, protein disulfide Isomerase (PDI). 
W«nerau «ua.. JJiQL£llflBL2B5. 9800-7 (1990). The p^sence 
ot PDI In the transfer protein Is supported by evidence showing 
that (1) the amino terminal 25 amino adds of the bovine 58.000 
kOa component of MTP Is Identical to that of bovine PDI. and (2) 
disulfide Isomerase activity was expressed by bovine MTP 
(onowing the dlssodatten of the 58 kOa - 88 kOa protein complex, 
in addition, antibodies raised against bovine POI. a protein wh«h 
by HseH has no TG transfer activity, were able to 
immunoprecipitate bovlnB TG transfer activity from a solutmn 
containing purified bovine MTP. ^4 
POI normally plays a role In the folding and assembly of 
newly synthesized disulfide bonded proteins within the 
the ondoplasmte reticulum. Bulleid & Freedman. tIaluiftaaS. ws- 
51 (1988). It catalyze-s the proper pairing of cysteine residues into 
disulfide bonds, thus catalyzing the proper foWing of disulfide 
bonded proteins. In addition, POI has been reported \ot» 
klentlcal to the beta subunH ni human prolyl 4-hydroxylase. Kolvu 

ni ,. nh«m. 262. 6447.9 (1987) The role Of POI In the 
bovine transfer protein Is not ctear. It does appear to be an 
essential component of the transfer protein as dissociation of POI 
from the 88 kOa component of bovine MTP by either tow 
concentrations of a denaturant (guanldine HCl), a chaotropic 
agent (sodium poichterate). or a nondenaturing detergent (octyl 
ghiooside) results In a toss of t.ansfer activity. Wetterau aUL. 
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BlQChflmlStfY ao. 9728-35 (1991). Isolated bovine PDI has no 
apparent lipid transfer adlvtty, suggesting that either the 66 KOa 
polypeptide Is the transfer protein or that It confers transfer activity 
to the protein complex. 

The tissue and sut)cellular distribution of MTP activity In rats 
has been investigated. Wetterau & Zilversmlt. Brochgrn Riftp>^y ]«^ 
Ma 610-7 (1 966). Lipid transfer activity was found In liver 
and intestine. Little or no transfer activity was found In plasma, 
brain, heart, or kidnBy, Within the Kver. MTP was a soluble protein 
located within the lumen of the microsomal fraction. 
Approxinnatefy equal concentrations were found In the smooth and 
rough microsomes. 

Abetalipoprotelnemla Is an autosomal recessive disease 
characterized by a virtual absence of plasma lipoproteins which 
contain apoHpoproteln B (apoB). Kane A Havel In The Metahofi c 
Basis Qf Inherited f^i<tflatsq Sixth edition. 1 139-64 (1969). Plasma 
TO levels may be as low as a few mg/dL. and they fail to rise after 
fat ingestion. Plasma cholesterol levels are often only 20-45 
mg/dL These abnormalities are the result of a genetic defect in 
the assembly and/or secretion of very low density lipoproteins 
(VLDL) In the Uver and chylomicrons In the Intestine. The 
molecular basis for this defect has not been previously 
determined. In subjects examined, triglyceride, phospholipid, and 
cholesterol synthesis appear normal. At autopsy, subjects are: free 
of atherosclerosis. Schaefer aLflL. Clin Chem 2A, B9-12 (1986). 
A link between the apoB gene and obetalipoproteinemla has been 
excluded In several familiesr Talmud at ai- J. CBn invagf gz, ; 
1803^ (1966) and Huang at al„ Am J Hum f^^^f!! 4ft •1141-8 
(1990). 

Subjects with abetaflpoprotelniimla are afflicted with 
numerous maladies. Kane & HavaL supra. Subjects have fat 
malabsorption and TG accumulation in their enterocytes and : 
hepatocytes. Due to the absence of TQ-rich plasma lipoproteins, 
there is a defect in the transport of fM-soluble vitamins such as 
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vHamin E. This resutis fn acanthocytosis of erythrocytes, 
spinocerebellar ataxia with degeneration of the fasciculus 
cuneatus and gracilis, peripheral neuropathy, degenerative 
pigmentary retinopathy, and ceroid myopathy. Treatment of 
abetalipoproteinemic subjects Includes dietary restriction of fat 
intake and dietary supfiiementation with vitamins A, E and K. 

To date, the physiological role of MTP has not been 
demonstrated. Jn vftro. it catalyzes the transport of lipid molecules 
between phospholipid membranes. Presumably, it plays a similar 
rote In vIyq. and thus plays some role In lipid metaboPsm. The 
subcellular (lumen of the microsomal fraction) and tissue 
distribution (liver and intestine) of MTP have led to speculation that 
It plays a role In the assembly of plasma lipoproteins, as these are 
the sites of plasma lipoprotein assembly. Wetterau & Zilversmlt. 
Blochflm. BlflPhya. Acta flZS. 610-7 (1986). The ability of MTP to 
catalyze the transport of TG behfveen membranes Is consistent 
with this hypothesis, and suggests that MTP may catalyze the 
transport of TG from its site of synthesis in the endoplasmic 
reticulum (ER) membrane to nascent lipoprotein particles within 
the lumen of the ER. 

Olofsson and colleagues have studied lipoprotein assembly 
in HepG2 cells. Bostrom fiLaL, J- Biol Chum 253, 4434-42 
(1988). Their results suggest small precursor lipoproteins become 
larger with time. This would be consistent with the addition or 
transfer of lipid molecules to nascent lipoproteins as they are 
assembled. MTP may play a role in this process. In support of this 
hypothesis, Howell and Pelade. J. Cfllf Rini 92. 833-45 (1982), 
isolated nascent lipoproteins from the hepatic Golgi fraction of rat 
liver. There was a spectrum of sizes of particles present with 
varying lipid and protein compositions. Panicles of high density 
lipoprotein (HDL) density, yet containing apoB. were found. 
Higgins and Hutson. J. Lipid Rqs, pg, 1295-1305 (1984), reported 
lipoproteins Isolated from Golgi were consistently larger than 
those from the endoplasmic reticulum, again suggesting the 
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assembty of lipoproteins is a progressive event. However, there is 
no direct evicJence In the prior art demonstrating that MTP plays a 
role In lipid metatwHsm or the assembly of plasma lipoprotein. 

5 fiummTv of the Invention 

The present invention conoems an Isolated nucleic add 
molecule comprising a nucleic add sequence coding for all or part 
of the high molecular weight subunit of MTP and/or intron, 5\ or 3* 
flanking regions thereof. Preferably, the nucleic add molecule is a 

1 0 DNA (deoxyribonucleic add) molecule, and the nucleic add 

sequence is a DNA sequence. Further preferred is a nucleic add 
having all or part of the nucleotide sequence as khown In SEQ. 10. 
NOS. 1 . 2, 5, 7, a. 1 together with 5, 2 together with 7, the first 108 
bases of 2 together with 8. or the first 108 bases of 2 together with 

15 7 and 8. 

The present Invention also oonoems a nucleic add 
molecule having a sequence complementary to the above 
sequences and/or inlron, 5*, or 3' flanking regions thereof. 

The present Invention further concerns expression vector?^ 
20 comprising a ONA sequence coding for all or part of the high 
molecular weight subunit of MTP: 

The present Invention additionally concerns prokaryolic or 
eukaryotic host cells containing an expression vector that 
comprises a ONA sequence coding for all or part of the high 
25 molecular weight subunit of MTP. 

The present Invention additionally concerns polypeptide 
molecules comprising all or part of the high molecular weight 
subunit of I^P. Preferably, the polypeptide Is the high molecular 
weight subunit of human MTP or the recombinantly produced high 
30 molecular weight subunit of bovine MTP. 

The present Invention also concerns methods for detecting 
nudeic add sequences coding for all or part of the high molecular 
weight subunit of MTP or related nucleic add sequences. 
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The present invention further oonoems methods for 
detecting an inhibitor of MTP. 

The present Invention further concerns a novel method for 
treatment of atherosclerosis, or for lov^ering the level of semm 
5 lipids such as semm cholesterol, TG, PC. or CE In a mammalian 
species comprising administration of a therapeutically eftectlve 
amount of an ^gent that decreases the activity or amount of MTP. 
Such agents would also be useful for treatment of diseases 
associated or affected by serum lipid levels, such as pancreatitis, 
1 0 hyperglyoemla, obesity and the like. 

Brief Description of the Drawlnga 

Figure 1 shows bovine cDNA clones. The five bovine cDNA 
Inserts are illustrated. The continuous line at the top of the figure 

15 represents the total cDNA sequence Isolated. Small, latieled bars 
above this tine map peptide and probe sequences. The open 
reading frame Is Indicotod by the second One, followed by 
corresponding to 3' noru:oding sequences. Clone number and 
length are Indicated to the left of each Kne representing the 

20 corresponding region of the composite sequence. Clones 64 and 
76 were isolated with probe 2A, ctones 22 and 23 with probe 37A 
and clone 2 with probe 19A. Eco Rl linkers added d'jring the 
cONA library construction contribute the Eco Rl restriction sites at 
the 5' and 3* ends of each insert. The Internal Eco Rl site In inserts 

25 22 and 76 Is encoded by the cDNA sequence. The Nhe I 
restriction site was utilized In preparing prokMs for isolation of 
human cONA ctones (betow).- The arrows under each Insert line 
indicate Individual sequencing reactions. 

FiguiB 2 shows TG transfer activity In normal subjects. 

30 Protoln-stlmulated transfer of ^^C-TG from donor SUV to acceptor 
SUV was measured In homogenized Intestinal biopsies obtained 
from five normal subjects. The results are expressed as the 
percentage of donor TG transferred per hour as a function of 
homogenized Intestinal biopsy protein. " 
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Figure 3 shows Ta transfer activity in abetalipoproteinemic 
subjects. Protein-stimulated transfer of ^^C-TG from donor SUV to 
acceptor SUV was measured In homogenized intestinal biopsies 
obtained from four abetalipoproteinemic subjects. The results are 
expressed as the percentage of donor TG transferred/hour as a 
function of homogenized intestinal biopsy protein. 

Figure 4 shows TG transfer activity In control subjects. 
Protein stimulated transfer of <^C-TG from donor SUV to acceptor 
SUV In homogenized intestinal biopsies were obtained from three 
control subjects, one with chylomicron retention disease (open 
circles), one with homozygous hypobetanpoprotelnemia (soDd 
circles), and one non*fasted (x). Tho results are expressed as the 
percentage of donor TG transferred/hour as a function of 
homogenized Intestinal biopsy protein. 

Rgure 5 shows western blot analysis of MTP in normal 
subjects. An aliquot of purified bovine mP (lane 1) or the post 
103.000 X g proteins following deoxycholate treatment of 23 pg of 
homogenized Intestinal biopsies from 3 nomnal subjects (lanes 2* 
4) were fractionated by SDS-PAGE and then transferred to 
nltroceltulose. The blots were probed with antl-88 kOa 

Figure 6 shows westem blot analysis of MTP in control 
subjects. An aliquot of purified bovine MTP (lane 1) or the post 
103,000 X g proteins following docxycholate treatment of 15 \ig, 25 
MS. and 25 m9 homogenized intestinal biopsies from a subject with 
chylomicron retention disease (lane 2). a subject with 
homozygous hypobetalipoprotelnemia (lane 3), and a non-fasted 
subject'(lane-4)rrespectively, were ffactionated by SOS-PAGE 
and then transferred to nitrooellulose. The blots were probed with 
anti*88 kOa. 

Rgure 7 shows westem btot anplysis of MTP In normal 
subjects with affinity-purified antibodies. An aliquot of purified 
bovine MTP (lane 1) or the post 103,000 x g proteins following 
deoxycholate treatment of 34 ^g (lane 2) or 25 pg (lane 3) of 
homogenized Intestinal biopsies from 2 nonnal subjects were 
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fractionated by SDS*PAGE and then transferred to nitrocellulose. 

The blots were probed with affinity purified anti-88 kDa. 

Figure 8 shows western blot .analysis of MTP In 

abetalipoprotelnemic subjects. An aliquot of pxjrified bovine MTP 

(lane 1) or post ^03,000 x g proteins following deoxycholate 

treatment of 18 (lane 2). 23 UQ (lane 3), 23 Mg (lane 4), 23 pg 

(lane S) of homogenized Intestinal biopsies from four different 

abetalipoproteinemic subjects were fractionated by SOS-PAGE 

and then transferred to nitrocellubse. In lanes 6 and 7. 1 00 pg of 

• 

the whole Intestinal homogenate (subjects corresponding to lane 
4 and 5) was fractionated by SDS-PAGE and transferred to 
nitrocellulose. The blots were probed with anti-88 kOa. 

Figure 9 shows a Southern btot analysis of a gene defect In 
an abetalipoproteinemic subject Ten ^g of genomic ONA from a 
control, the abetalipoproteinemic subject (proband), and from the 
subject's mother and father were cut to completion with Tag I. 
electrophoresed on i % agarose and transferred to nitrocellulose. 
Southern hybridization was performed using oxon 13 cONA as a 
probe. Two hybridizing bands In the normal lane Indicated the 
presence of a Taq I site In the normal axon 13. One hybridizing 
band in the abetalipopmtelnemic subject lane demonstrated the 
absence of this restriction sequence in both alleles in exon 13. 
confirming a homozygous mutation In this subject. The 
heterozygous state in the mother and father is shown by the three 
hybridizing bands, corresponding to both the normal and the 
mutant restriction-patterns. ' ~* — "~ 

Figure 10 shows inhibition in MTP-catalyzed transport of TG 
from donor SUV to acceptor SUV by compound A described 
hereinafter. Compound A was dissolved in OMSO and then 
diluted into 15/40 buffer. Aliquots were added to a lipid transior 
assay to bring the compound to the indicated final concentrations. 
DMSO conoentratmn In the assay never exceeded 2 mL/600 mL. a 
concentration that was Independently determined to have minimal 
effect on the assay. MTP-catalyzed lipid transport was measured 



2091102 

DC21a 

•9- 

for 30 minutes al 37"C. TG transfer was calculated and compared 
to a control assay without Inhibitor. Three independent assay 
conditions were used to demonstrate MTP inhit>ition by compound 
A. Assay conditions were: 8 nmol donor PC, 48 nmol acceptor PC. 
5 and 75 ng MTP (open circles); 24 nmol donor PC. 144 nmol 
acceptor PC. and 100 ng MTP (solid circles); 72 nmol donor PC. 
432 nmol acceptor PC, and 125 ng MTP (open squares). 

Figure 1 1 shows the dose response of Compound A on 
ApoB, ApoAl and HSA secretion from MepG2 cells. HepG2 cells 

1 0 were treated with compound A at the Indicated doses for 1 6 hours. 
The concentration in the cell culture media of apoB. apoAl and 
HSA after the incubation period was measured with the 
appropriate ELISA assay and normalized to total cell protein. The 
data shown are expressed as a percentage of the control (DMSO 

15 only). 

Figure 12 shows the effect of compound A on TG secretion 
from l-lepQ2 cells. HepG2 cells were treated with Compound A al 
the indicated doses for 1 8 hours, the last two hours of which were 
in the presence of 5 pCI/mL 3H-glyoerol. The concentration of 

20 radiolabelled triglycerides In the cell cuHure media was measured 
by quantitative extraction, followed by thin layer chromatography 
analysis and normanzation to total cell protein. The data shown 
are expressed as a percentage of the control (DMSO only). 

Figure 13 shows Inhibition In MTP-catalyzed transport of TG 

25 from donor SUV to acceptor SUV by compound B described 
-hereinafter. Compound B was dissolved in DMSO and then 
diluted Into 15/40 buffer. Aliquots were added to a lipid transfer 
assay to bring the compound to the Indicated final concentrations. 
DMSO concentration In the assay never exceeded 2 ^USOO ^L. a 

30 concentration that was independently determined to have minimal 
effect on the assay. MTP-catalyzed lipid transport was measured 
(or 30 minutes at 37^C. TG transfer was calculated and compared 
to a control assay without Jnfiibftor. Two independent assay 
conditions were used to demonstrate MTP inhibftion by compound 
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B. A8$ay conditions were: 24 nmol donor PC. 144 nmol acceptor 
PC. and 100 ng MTP (open drctes); 72 nmol donor PC, 432 nmol 
acceptor PC, and 125 ng MTP (solid drcles)* 

Figure 14 shows the dose response of compound B on 
5 ApoB, ApoAl and HSA secretion from HepG2 celts. HepG2 cells 
were ireated with compound B at the Indicated doses for 16 hours. 
The concentration in the cell culture media of apoB. apoAl and 
HSA after the (ncubation period was measured with the 
appropriate ELISA assay and normalized to total cell protein. The 
1 0 data shown are expressed as a percentage of the control (DMSO 
only). 

Deta il ed Dgacflptlon ef the invention 
Definition of terms 

1 5 The following definitions apply to the terms as used 

throughout this spedlicatlon, un'ess otherwise limited in spedfic 
instances. 

The term *MTP* refers to a polypeptide or protein complex 
that (1) If obtained irom an organism (e. g., cows, humans. alC*)< 

20 can be isolated fn>m the microsomal fraction of homogenized 
tissue; and (2) stimulates the transport of triglycerides, cholesterol 
esters, or phospholipids from synthetic phospholipid vesicles, 
membranes or lipoproteins to synthetic vesicles, membranes, or 
lipoproteins and which is distinct from the cholesterol ester transfer 

25 protein (Drayna et a!.. tlatUffl 632-634 (1987)] which may 
have similar catalytic properties. However, the MTP molecules of 
the present Invention do not necessarily need to be catalytlcally 
active. For example, catalytlcally inactive MTP or fragments 
thereof may be useful in raising antibodies to the protein. 

30 The term 'modified*, when referring to a nucleotide or 

polypeptide sequence, means a nudeotlde or polypeptide 
sequence which differs from the wild-type sequence found in 
nature. 
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ThA torm "nBluti^^. when referring to a nucleotide 
sequence, means a nucletc add sequence wtiich is able to 
hybridize to an oligonucleotide prc^e based on the nucleotide 
sequence of the high molecular weight subunit of MTP. 
5 The phrase 'control regions" refers to nucleotide sequences 

that regulate expression of MTP or any subunit (hereof, including . 
but not limited to any promoter, silencer, enhancer elements, 
splice sites, transcnptional inKlation elements, transcriptional 
iOrmination elements, polyadenylation signals, translational 
1 0 control elements, translational start site, translational termination 
sKe, and message stability etentents. Such control regions may 
be located In sequences 5' or 3' to the coding region or In introns 
interrupting the coding region. 

The phrase 'stabilizing' atherosclerosis as used in the 
1 5 present application refers to slowing down the development of 
and/or Inhibiting the formation of new atherosclerotic lesions. 

The phrase "causing the regression or atherosclerosis as 
used In the present application refers to reducing and/or 
eliminating atherosclerotic lesions. 

20 

Use and utility 

The nucleic adds of the present invention can be used in a 
variety of ways in accordance with the present invention. For 
example, they can be used as DMA probes to screen other cONA 

25 and genomic DNA libraries so as to select by hybridization other 
ONA sequences that code for proteins related to the high 
molecular weight subunit of MTP. In addition, the nucleic adds of 
thn present invention coding for all or part of the high molecular 
weight subunit of human or bovine MTP can be used as DNA 

30 probes to screen other cONA and genomic DNA libraries to select 
by hybridization DNA sequences that code for MTP molecules 
from other organisms. The nudeic adds may also be used to 
generate primers to amplify cDNA or genomic DNA using 
polymerase chain reaction (PGR) techniques. The DNA 
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sequences of the present invention can also be used to identify 
adjacent sequences in the cDNA or genome; lor example^ those 
that encode the gene, its flanking sequences and its regulatory 
elements. 

5 ' The polypeptides of the present Invention are useful in the : 

study of the characteristics of MTP; for example, Its structure, 
mechanism of action, and role in lipid metatx)ilsm or lipoprotein 
particle assembly. 

Various other methods of using the nucleic adds, 
1 0 polypeptides, expression vectors and host cells are descrit>ed in 
detail below. 

In carrying out the methods of the present Invention, the 
agents that decrease the acth^ity or anmint of MTP can t>e 
administered to various mammalian species, such as monkeys, 
1 5 dogs, cats, rats, humans, in need of such treatment. These 
agents can be administered systemlcally, such as orally or 
parenterally. 

The agents that docraase the activity or amount of MTP can 
t>e Incorporated In a conventional systemic dosage form, such as 

20 a tablet, capsule, elixir or Injectable forrnulation. The above 
dosage forms will also Include the necessary physiologically 
acceptable carrier material, excipient, lubricant, buffer, 
antil)actertal. bulking agent (such as mannltol), antl-oxidants 
(ascorbic add or sodium bisulfite) or the like. Oral dosage forms 

25 are preferred, although parenteral forms are quite satisfactory as 
well. 

The dose &dmlni.«!tered must be carefully adjusted 
according to the age, weight, and condition of the patient, as well 
as the route of adminlstratton, dosage forni and regimen, and the 
30 desired result. In general, the dosage forms described above may 
be administered in single or divided doses of one to four times 
daily. 
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Delallad doscripUon of specific embodiments 

Nucleic acids 

The present Invention concerns an isolated nucleic add 
molecule comprising a nucleic add sequence coding for all or part 
5 of the high molecular weight subunit of MTP. Preferably, the 
nucleic acid molecule Is a ONA molecule and the nucleic add 
sequence Is a DNA sequence, fnjrther preferred Is a nucleic add 
sequence having the nucleotide sequence as shown In SEQ. ID. 
NOS. 1 , 2. 5, 7. 6. 1 together with 5. 2 together with 7, the first 1 08 

1 0 base3 of 2 together with 8, or the first 108 bases of 2 together with 
7 and 8 or any part thereof, or a nucleic add sequence 
complementary to one of these DNA sequences. In the case of a 
nucleotide sequence (e.g., a DNA sequence) coding for pert of the 
high molenular weight subunit of MTP, It is preferred that the 

15 nudeotlde tequence be at least about 15 sequential nudeotldes 
In length, more preferably at least about 20 to 30 sequential 
nucleotides In length. 

The following text shows a bovine cDNA nucleotide 
sequence (SEO. ID. NO. 1), a human cDNA sequence (SEQ. ID. 

20 NO. 2), a comparison of the human and bovine cDNA sequences, 
the bovine amino add sequence(SEQ. ID. NO. 3), the human 
amino add sequence (SEQ. ID. NO. 4). and a comparison of the 
human and tK>vine amino add sequences. In the sequence 
comparisons, boxed regions represent perfect identity between 

25 the two sequences. 
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BOVINE cDfsiA SECXJENCE 

(SEQ. ZD. NO. 1) 



10 20 30 40 50 

1234567800 }72A9.(^lMn 1,:> 34567890 1^14567890 ^7'^4^€1B90 
AAACTCACAT AClCCALllA AGTmTCIC GftTOG GG GC A AAGGAAACCT 50 



100 



CCAAG?OkGr GTGGGLiyVX GAATITCATC CAAIGIGGAT GICGCTTTAC 

TGTGGAGGAG TCCTGAaGGT GAIGAXAROC MCIGAIOCA AAITMGAIG 150 

AAAGAIGIAA WXTIGAAAA TGIGAATCAA CAGRGftGGRG /tfaAGMCaX 200 

TnCAPAOGA AAAAAGICAT CTCAAATCAT AAGAAAGGAA AACITOGAAG 250 

CAMGCAAAG AOCIGrGCIC CTICATCIAA TTCA1GSV\A GAICAAAGAG 300 

TTCTTCTCAT MCAAAAXQV ADCRQCaGOC A3W3VAAA1C TCAAGftGAGG 350 

CCTGOCTAQC CTATnCAGA TOCAGITAftG CTCrOGAACI AOCT^ATCRGG 400 

raCACATClC TGaCMTCT AAAGKaOCT AOCaGGCTC A TCAAGACAAA 450 

GTGACCAAAA TIAAGGCm GGATTCATQC AA.'^ACTGAGfi GOQCTOGATT 500 

TfiOSOXCA aaavC3SICT IGQGIG^ 550 

CERccrATftA caiRGRflGRc flGciTrGnG TfiQciGiQar CTcaattfflG eoo 

ATCGRGGCftG AAACIQSftQC TGAAAAOCaC GGAA0C3»G- GIGAGflCIGA 700 

AQOCfiGCAAA GCaQGTIOCA CaXATCftTIA AflOCRGroGA TTCAAAGiac 750 

AOOaOCATIC CXAITCiaSG GCBGGICnC CWSMCAAGT QCAAAQGAIG 800 

u-i>xn,iv,iv TCTGBGCBCr GSOVSKXax QOW^CAC dGCPCCCTG 850 

ftCAAOCTCrC GAftGCriGftG GCTSICAaA GCT l U /mUJ CTICAlCAflG 900 
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BOVINE cDNA SEQUENCE 

(SCQ. ID. NO. If continued) . 



10 20 30 40 SO 

1234567890 1234567890 1234567890 1234567890 123456789Q 

CACCTCASo^V CGGCAAAGAA AGAAGAGAIC CICCAAAITC TAAAGGCAGA 950 

JiAACAAGGAA GTACTAOCCC iSGCTAGTGGA TGCTCiaCC TCTGCTOa 1000 

CACCAGACTC ATTAGACQOC ATnTGGACT TICIGGAnT CAAAAGCAO; 1050 

GAGAGOGTTA TOCIOCAGGA AAQGTTTCIC TKTOOCIGIG GATTTOCCTC 1100 

ACATCCTGAT GAAGAACIO: TGAGAGOOCT CATIAGZTiAG TTCAAAGGri 1150 

crrrrGGAAG caatgacatc agag^axig ttaigatcat caiogqqox 1200 

CTIGTCAGGA AGTTGIGICA GAACCAAGQC TGCAAACTGA AAGGAGIAAT 1250 

AS^AGOCAAA AAGITAAICr TGGGAGGACT TGAAAAAGCTV QVGAAAAAAG 1300 

AGGPCATCDGr GAIGTAOCIG CIGGCXCIGA AGAAOGOXG OCITOCAGAA 1350 

GQCA1CCG3C TOCTICIGAA GIACACAGPG ACAGGAGAAG UjULL A 'lTAG 1400- 

CCACCTTGCC GCX»CCACAC TCCAGAGAIA TGATGTOOCr TICATAACIXj 1450 

ATGAGCH'AAA GAAGACIAIG AACAGGAIAT AOCAOCAGAA TO^'AAAATA 1500 

CATGAAAAAA CIGIQCGEAC XACIGCAOCT QOCAICATn lAAAAAACAA 1550 

TOCAICCTAC ATGGAAGIAA AAAACATCCT QCICICXATT GOGGAACITC 1600 

(XAAAGAAAT GAATAAGIAC ATQCICTOCA TIGTCCAAGA CATCCTAOGT 1650 

TTTGAAACAC CTGCAAGCAA AATGGICOGT CAAGTICTGA AGGAAATOGT 1700 

CGCICAIAAT lAOGAIOGlT TCTOCAAGAG laaGfiar i a : ICTGCAZAIA 1750 

CTGGCrACGr PGAAOSGACr TCC CA TICG G CAlCIACrTA CAGCCTTCaC 1800 



I 
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BOVINEcONA SEQUENCE 
(SEQ. ID. KO. I« continued) 

:0 20 30 40 50 

:234567g?0 1234567890 123456789Q 12^4567890 1?:^4S6 7890 

ATTcrrrAcr crGCTicroG cattctaagg pgm^gipmx: tgaacmctt ibso 

TCAGTATATT GAGAAAACIC CTCTTCAIGG TATC CA OGI G GICATTGAAG 1900 
CCCAAGGACT GGAGGCATIA ATTQCAGCCA CICCIGAIGA C3GQGGAAGAG . 1950 

AAOCTTGACr CCTATGCTCGG CTIVICAGCT CitXlVmij ATGnCAGCT 2000 

CAGACCTGTC ACTnTTTCA ACQQCJIACAG TGATITGAIG TCXaAAAlQC 2050 

TGICAGCATC TAGTGAOCXrr ATGAGrGTOG TGAAAOGACT ICnUiOlTA 2100 

ATAGATCATT OOCAGGAGCT TCAGCTGCAA TCTOGftCTTA AQQCCAATAT 2150 

GSVIGTrCAA GCTGGTCl'AG CrATTGATP.r TACAGCTGCC ATGGAGmA 2200 

GICrAIX3GXA TQGIGAAICr AAAACCX^GAG TGAAAAATOG GgEAAGTGI G 2250 

TIAATAACIG GTGGCAICAC GGTQGACTOC TCrmGIGA AAGCTQQCIT 2300 

•GGAAATrGGT GCAGAAACAG AAGCAGGCTT GGAGTriMC 'TOCACGCTGC 2350 

* 

AGrmcrcA ctmccaitt rrAGmCTC tqcagatqga caaggaagat 2400 

GTTOCATACA GGCAGITTGA GACAAAAIAT G^AflGGCTOi' OCACAQGCAG 2450 

AGGTIACAZC TCICGGAAGA GAAAAGAAAG 0C17AIAGGA GGATGTGAAT 2500 

TCOCGCTQCA CCAAGAGAAC TCTGACATCT GCAAGGTOGT G m WlULT 2550 

CAACCAGAGA GCAGTTCCAG l GG i' lU , nT TGAAACTGAT UJJJJL'lXJVr 2600 

TCATTAGACT TCATCTOQCC AGAAGQGATA AGACGTGACA TQOCTAAGTA 2650 

TTQCTCTCTG AGAGCACAGT GITTACATAT TOCXnxnM TTAAGPGITT 2700 
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BOVINE cONA SEQUENCE 

m 

(SEQ. ID. NO. a, continued) 

' lo 20 30 410 50 

1234567890 1234567B90 1234567890 1234567890 1234567890 

TCTGAAOCT GATCAAAAAC CTCACATAAT TAflGirrOOG CCTGAATCAX 2750 

TTGATACXAC CTACAGGGTC ATTCTGAGOC ACTCIATCTG ATACTTTACT 2800 

AQCGrrCTGT TTTOCIGCAT CTCICICAAA TCACATlTfiC TACIGIGAAA 2850 

CTAGITCTGC CCTAAGAAGA AACCATTGTT TAAAAAAAAA AAAAAAAAAA 2900 



2091102 

DCaia 

-18- 

HUMAN cDNA SECXJENCE 
(5EQ. ID. NO. 2) 

10 20 30 40 50 

1?34S6789Q 1234567890 1234567890 1234567890 1234 567890 

GIGACTCCTA GCTQGGCACT GGATXAGTT GAGGATTOCT GCTCAATATG SO 

ATICnCnG C lW iljL Ti Tr TCIClQCnC ATTICCTCAT ATICAGCTTC 100 

TCTTAAAGCT CACACAACIG GTCICICATT AAATAATGAC CG G CTgrACA 150 

AXTCAOGTA OtXACTGAA GTiCilUnG AICQQQXAA PO^MMCTG 200 

CAAGACAGOG TGGGCTAOCG CATTICCia: AAOGTOGAIG TOQCCTTACT 250 

ATGGAGGAAT CXTrvS^TOGTC ATGAOGACXIA GITCATCXTA ATAAOGAIGA 300 

AGGATXTTAAA TGTPGAAAAT GTGAATCAGC AGAGAGGAGA GAAGAGCATC 350 

TTCAAAGGAA AAAGCOCATC TAAAATAATG GGAAAOGAAA ACITGGAAGC 400 

TCTGCAAAGA CCTACGCTOC TICATCTAAT OATGGAAAG GTCAAAGAGT 450 

TCTACTCATA TCAAAATGAG GCAGIGGOCA TAGAAAATAT CAAGAGAGGT 500 

CTGQCTAGCC TAmCftGAC ACAGITAAGC TCTQGAAOCA OCAATGAGGT 550 

' AGATATCTCT GGAAATIGTA AAGTGAOCTA OCAOQCTCAT CAAGACAAAG 600 

TGATCAAAAT TAAGGCCTTG GATTCATGCA AAATAGCGAG GICrGGATTT 650 

AOGACOCCAA ATCAGCTCTT GOGIGTCAGT TCAAAAGCIA CATCICTCAC 700 

CWXTATAAG ATAGAAGACA GCTTTGTTAT AGCTGTQCTT GCIGAAGAAA 750 

CACACAATTT TGGACTGAAT TTOCIACAAA CXIATTAAOGG GAAAAXAGTA 800 

TOGAAGCAGA AATCAGAGCT GAAGPCAAOC GAAGCA03X CAAGATIGAT 850 

GTCTGGAAAG CAGGCTOCAG OCATAATCAA AGCAGITGAT TCAAAGTACA 900 

OGGCCATTOC CATTGTGGQG CAGGIUnOC AGAGCX^CTG TAAAGGAIGT 950 

OCTICICTCT CGGAGCTCTG GOGGTOCAOC AGrvVVEAOC TQCAGCXnGA 1000 



2091102 
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HUN4AN cDNA SECXJENCE 
(SEQ. ID. NO. 2, continued) 

10 20 30 40 50 

1234567890 1234567690 222^567890 1234567890 123456789Q 

CAACcrrrcc aagqctgaqg ctgix:»gaaa crrocrasoc ttcattcagc loso 

ACCTCAGC^ TUOGAAGAAA GAAGAGPlICC TICAAATACT AAAGATGGAA 1100 

AATAAGGAAG TArTAOCTCA QCTQGTOGAT QCICTCAOCT CTGCTCAGAC 1150 

CTCAGACTCA 'iTAGAAGOCA TITTQGACIT TTTGGATnC AAAAGTGACA 1200 

GCAGCAr*AT CXTOCfiGGAG AGGmCICT ATQOCICTGG ATITQCTICT 1250 

CATCCCAAIG AAGAACTCXTT GAGAOCXTTC ATTAGTAAGr ICAAAOGTrC 1300 

TATIGCTAGC AGTGACATCA GAGAAACTGT TATGATCATC ACTGGGACAC 1350 

TTGICAGAAA GTIGIGrCAG AATGAAOGCT OCAAACICAA AOCAGTAGTG 1400 

GAAGCTAAGA AGTTAATCCT CXXSAGGACTT GAAAAAGCAG AGiWAAAGA 1450 

GGACAOCAGG ATGTAICTGC TQGCITTGAA GAATOOCCTG CTICCAGAAG 1500 

GCAIOXAAG TCTTCTGAAG TATQCAGAAG CAGGAGAAGG GCXXAICAGC 1550 

CAOCTGGCTA CX^CTGCTCT CCAGAGATAT GAICICOCTT TCATAACTGA 1600 

* TGAGGTGAAG AAGACCITAA ACAGAATAIA CXaCCAAAAC CCTAAAGITC 1650 

ATGAAAAGAC TGTGCQCACT GCTQCAQCTC CCATCATTTT AAATAACAAT 1700 

CCATOH'ACA TGSAOGTCAA GAACATCCTG CICTCTATPG QQGAGCITOC 1750 

OCAAGAAATG AAXAAAIACA TCCTOGOCAT ICTTCAAGAC AlCCTAOGTT 1800 

1TGAAATQCC TOCAAGCAAA ATTCTCOGIC GAGTTCTGAA GGAAATOGTC 1850 

GCTCACAATT AIGAOOGTTT CTOCaGGAGT GGAICTTCTT CIQCCTACAC 1900 

TQQCTACATA GAACGTAGIC (XCXJITOGGC ATCTCTTAC AGCCTAGACA . 1950 

TlCrCTAClC GGGrrCTQGC AlTCTAAGCaV GAAGTAAfXT GAACAICTTT 2000 
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HUMAN cONA SEQUENCE 
(SEQ. ID. NO. 2, continued) 



10 20 30 40 50 

1P14S6-7flQQ 1P74SC7fl90 l ?14Sfi7890 1?,14'^6789Q 123«156789Q , 

CAGTACATTG GGAAGQCTQG TCTTCAOSST AQCCAGGTGG mTTGAAQC .2050 

CCAAGGACTG GAAGCCITAA TCQCAGCXM: (XCTCACGAG GGGGAGGAGA 2100 

AOCTIGACrC CTATGCTGCT ATGTCAGGCA TOCICITIGA TGTIOjGCTC 2150 

AGACCTGTCA CXTTTTTTCAA CGGATACAGT GMTTGATGT OCAAAATQCT 2200 

GTCAGCATCT GCrGACCCTA TCAGTOIOGT GAAAGGACTT ATTCTGCTAA 2250 

TAGATXJ^TTC TCAGGAACTT CACTTACAAT CTGGACTAAA W3CCAATATA 2300 

GAGGTOCAGG GTGGTCrAGC TATTGATATT TCAOGTOCAA TQGAGTITAG 2350 

CTTGTOGTAT OGTGACTCTA AAAOXGACT GAAAAATAGG GTG^CTGTGG 2400 

TAATAACCAC TGACATCACA GTOGACTOCT OTnGIGAA AGCTQQCXrrG 2450 

GAAAOCAGTA CAGAAACAGA AGCAGGCITG GAGITTATCT CCTiCAGrGCA 2500 

GirrrCTCAG lACCXaaTCr TAGnrOCAT GCAGAlOyjC AAGGAIGAAG 2550 

CTCCATTCAG QCPATITGAG AAAAAGIAOG AAAGGCTGTC CACAGGCAGA 2600 

QGnATGIUT CTCAGAAAAG AAAAGAAAGC GTATTAGCAG GAIGTGAATT 2650 

COOGCTCCAT CAAGAGAACT CAGAGAICTG CAAAGitSGTO TTTGOOOCTC 2700 

AG0CX3GATAG TACTTOCAGC GGATOGrm GAAACIGAOC TGTGATAnT 2750 

TACTIGAArr 'Ii;it:iCa30 G AAAGCSGACAC AAIGTGQCAT GACTAAGTAC 2800 

'nU/iUUlG AGAGCACAGC GITEACAIAT TTADCTGrAT TTAAGATTTT 2850 

TGTAAAAAGC TACAAAAAAC roCAGTTTGA TCAAATTrOG GTATATQCAG 2900 

TAIGCTAOOC ACAGOGTCAT TITCAATCAT CATGIGAOX: riTCAACAAC 2950 

GnCITAGTr TACTTATADC TCICTCAAAT CTCAITIGGT ACAGTCAGAA 3000 
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HUMAN cDNA SEQUENCE 
ISEQ. ID. NO. 2, continued) 



10 20 30 40 50 

1234567B9Q 12 34567890 1234567890 1234567890 1234567890 

TAGTTATTCT CTAAGAQGAA PCTPGTGrn GITAAAAACA AAAATAAAAA 3050 
CAAAACCACA CAAGGAGAAC (XAATnTGT TTCAACAATT TTTGATCAAT 3100 
GTATATCAftS CICTTGAIAG GACTICCITA AG^VTGAOSG GAAAAXAAA 3150 



CAOGTTCCXrT AATCAGGAAA AAAAAAAAAA AAAAA 



3185 
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BOVtNE/HUMAN cOf4A SEQUENCE COMPARISON 



sovmc 

iUHAN 



5T5AeTCC?AGCT5C5CACT5CAr5CAC7TCACCA?TCCTCCTCAATATCATTCT7C7TCCT3:JC77TT?t?CT 



DO V INC 



SC77eAT7?CC7CA7A77CAC;7?C7e?7JiMCG7CACACAAC7Ci:7rTe77Mr?AAATAATeAC:SS7757A^ ISC 



39V :nc 

•('.'KAN 



TCaStT ACrCCACrrCAAGfTbt rc irfSATCCCCCCAAJUSC lUtMjrita: AACACAlii-^ i i^OC r ACS! 
TCAC - TACTOOCtCAACrt 1 TTC7 : 3ATC6CGQCMM6AAA 1 



y AASACAC^STCCCCTA O 




xri 



221 



Bovine 
NVMAN 



^CAjfi:rcrjiTC7|£air/Aci(ff5 

^ TCCAA : STCGXICT tXT TT. 




tXTC ATCC rcATCAltGccS^arCATrC CuifaACC AT» 
CT6ATB6KATUAT : I^CO SI rCATCCAAAT ' VCATCI 



• * I 



mv:nc 

NUHAN 




SATCTJ 
fcTCTI 



C TICAAAArCTCAATCAtP 
C rrCAAAAtCTCAATC 



,KCJIf5»CCIbCfcCMCfcCCAT ! tTCAAA^CAAAAA 

A1 : TTCAAAGCJUAAA :CC 




BOVINE 
HUHAN 



AAAcaJuSScTTGc3uS^jf^ 



;aaac> tc 



JUUkCACI 



jo: 

4)0 



AOVINC 
H'JtiMt 



rCT*CrC*TATCAAAATi 
rCTACrCATftTCAAAA 



^Ta^(i?A% 



I rXCATACAAAAl 



iHfiCAACAcXcSE' 
9 yCAA n ACAC S IC 



irCCCTACCCTATTTCArjt 7 

:r&ecrAcecTATTTCAis« : 




BOV|!fC 
NUHAN 



nSccr^TS^AvalSccAA^^ 



4)1 



BOVINC 
HUNAN 



rrcj 



Jf^AAAArtAicca^TQCAT^^ 

f : MAArrAAOGC : rracATTCAtocAiuarAc : saoc : cTeeATTTACGACccoi ' atcacotctt^tc 



MUKAN 



T5tel^AB^lttCA3\;TC 



rr " AAACC I XCATCTG! 



TaK rh A rc rArAAC^TA&AACACACSrtTC; irffACCTCTSC It'-Bf-.AACAlpI 
'.CA'}: WCTATAAC-TACAafiUCAC C TTTCTT ' TACCTCTCCI rcjci: &AACU> ' M 




rAC 




kAA %TAb-7 ATCCAtisC a:.AA>^ pUX TC 
UJUTACTIkTCCA ' X^XAAA : T ' CAOCTCAA 



4:t 



MV1NI 
4UMAN 




LAAC 




CTCf 

bcJt 



rCGAAACCA^TrOCA&CCAn^ 



: SGAAAGCACC : TGCACCCAT < A 



MbAAACCACltpATrCAAACrACA 

Am\AAcrAei : CATTCJumcrACA 



9pv:Nc 

itUHAN 



QCCCCAT7CCCAT?C7C8CGCACCTCTr< 




MAc c ATcfaccTrcrcTcrcyCAoafci gc^t 
MACGATG : eCTT C J C TCTC : SACC : crr^ J 



BOVINE 
H'JHAN 



TCCACCCTGACAACCf 




1 . 



TCCAAOCCtCAC&CTC7CJ 




trcCTSCCCTTCAlp^ 

oeccrrcA: r 



BO VINE 
^UHAN 



ftccTC hr^ : SfTpH uG AAA U amsaca! 
»fC?C*JCi>4pCf^ACAAACAACJiaiTCr 




pmCCAACTHtffAC 




HOVTKF. 
M*JKAN 



rccaTr.CTcrcAcci-CTOcrcACAc \c rJiCMrrcAiTAr^p 
rocAT0C7CYCBecTCTccTCAChc :A0«CTCA7TAC 



^Ecc 

i» 3CCi 



SCCXTTTTCOACTTnfrCGATT TCAAAaS: A A 



ArrTTr.^m r rccArrrcAAJi 



BOVINE 
NUMAN 




TAxccTcci^aw ' AccTTTcrcrAidc^lcidAftfdd 



Tcc I rc K 



rFc^^iTTtlXACAjkcVccrcC 

ATCC :/ ^TCAA C AACTCCTCACi 



IaB 

Si3 



BOVINE 
HUMAN 



3CCrCAT7ACTAACT7CAAMCT7Ctt 
OCCTCATrACTMeTTCAAAeeTTCT 1 



AOcApCACAT 




:TGT7A70AtCArClfr 

rATCATCArcD : 




:j9c 
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BOVINE/HUMAN cONA SEQUENCE COMPARISON 



.«:v!Kt 

•4.MAK 



rrCTCU ' fkACTTCTCtCACM :C IkACCCTGCMMCt 



DC 



:«24 



-.MAK 



S»CT TC JUAAJ»C C I>Ci>CA.OAJUtfafle » C* 



:TCCrCCC;>|:CAACAAf^3CCq|:^TTCCACAAC 
CTCC7 



t.KAN 



39V:!IE 
MUMAM 



F 



tATe»MaxT»TCA7iutfTaATft>osTHMCiuuutf r 
TATCAI : icecTT 




|uja7accaccm{m1s:6taaa 




;7as 



9C;VI!IC 

■^uriAii 



TCCTGTt - ICrATTGCCM JTICCC . lUUUUUlTUMTM * rKCATCCTC CCftTTGl 



i 



AACACATCCTACCTT 
MkCACATCCTAecri 



;ioo 



:3V :Kr 

'VMAN 



^TCA>4:4^cVd^iuic«»Sr^pTcccTcyUdTTcW*Jwrf^^ 
TCA/> (t rcTCC&AcacMAA;: . stccgtc »CTTCTCAwau»>rftCTCccTC 



rrfcrce* 

TTTCTCW 



^'.NAN 




ircTCTfrTUScTCGCT 



TCTSC : T« : WnAGCT. 



fTJtflirACJuiccHSlfilJ 



n^adCATCTACTTACAGCC:i£AC/ 
rKSCCATCTACrrACACCC? ' UCA 



•lUHAfl 



frTCi14rRrTdiu;rn:i(xrATTCTAAcaACAACTM|KTCAACA 
.'TCit /."wrrc ::cTTCTcccATTrTAxr.crAAAaT)ui ctcaacatctttchct. 





• C • • c 



MiClCC 7CT7C 



Hl'HAM 




TttcCcccca%53ctgga 



AGCTCAT i ATT'JUeCCCAACCACTCCA 



ESpTAAlJijC 

y4yTAAi{pc 



H'I!1AK 



ASdTTdAHcCTATCCtGf 

c rrnACTccTATccTrxl: 



J rOC/eTTTCATCrrrCACCTCACATCTCTCM : tttttc a a; 



cfr^KVi^iTCTTCA^TCAdACCTCrC AOIt rT riCAACA- 



••-»«AN 



pU?AC^ 

[acactc, 



ATTTOATCTCCAAAATRCTCTOnCAT; 



;rCTCCTCAAACCACn ^ ttctccta^ 



sitCCd^^lfa^r&TCrTCAAACSA C TTtTrTCTCCTAA 



^C^f^QBACCCTAirfCr 
Tgtffy BACCCTAip HC 



» ■ *» « 



FTAAAICATTCnCArAM P'^TC AOgf* 



IhkJCKSMCt 



JLJ 




TAt 
iTAT ' S 



M rCCTCTACC^ ATTC 
BGTeGTCTACCTATTC 



i2i 



ATAT1 P LIACCTGC : ^TCCMTTTAC r( 
MATT : CACCTCC ' ATCCMnTtM T 




TATCGT6J«fICTAAAAi 



STKTCCTGD ^ TC? 




73SI 
3400 



lAATAACff' 
riATAATJTAi 




,X>5prCCACTeCTCrTrTSTCAAACCTs5 



CAUAAAT^CAACC 
ClkCAAACAGAAfiiC 



3 



30V IMC 
HVMAII 



SFtHcactttSicTSSa^E^ 

;rrTuaAaTrTATtntT*c ' ^TCCAirrrTTercAcrAcccArT : TTJictTTC zt recACATCCAcvecA 



I 



7401 

;iso 



flOVINC 

tvnAn 



irccAinr/jccc/i frriNSAcn! 
r iccAi 1 1; vccA - nra 




XACiCGCMAGCTT 
riiiUAA<»CTCTCCACACOeik^ACeT7J«tdrcrCTCt1CAAHACAAAAC 



VCTCToClShACAAA;^ 



H-JHAN 



AAACC 



31 



AGCAK?c*Aricccun 1 

: M:c;»TCTCA.^rrccccCT : 



p(rAACACjJcf3£3u7r.76:AicE 

jgljjwCACAACTCffUf: ^fCTCCAJI h 



•XTCCJ 



:5s: 
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DC21a 



OOVtNE/HUMAN cONA SEQUENCE COMPARISON 



Bov:Nr. 

IIUMAM 




STrTTGJUUCT&*r 

crrrrTCMUbCTM :< 




nrrT: 
rti 




2g 



mi 



R3VU£ 
nUHAK 






|r;vTTJkC»rjiTrT*ccTc:T>TTT*>rj»i 
rrrACA7ftTrriic*TOTArT.TMo# ^ 



: TOO 



Ifllft^flTtfT 



rr 





aovxNC 

HUHAlf 




kit 




XTCTlV' 




mf«m 




TCAAlkTCffCAITmcJ 
rCTCTCAAATC ! CATTT ;d 



90V INC 
HUMAN 



Hi fi • 



UUUAAAJftlUOJCMSjuU^ 



rcmcT" uuuu : uuum ; ama icaaaaccacacaagcacaac 



90V :mc 

HUHAN 



CCAA7Tr7<i777CAACAATr;T7r.ATCAATC7ATArCAACC7C7T6A?AG6AC7TCCTrAAGCA7CACSSSAAAA 



IMS 



NUMAN 



CCAAACACC7TCCC7AA7CACnAAAAAAAAAAAAAA.^\AA 



79O0 
JUS 
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BOVINE PROTEIN SEQUENCE 

(SEQ. 10. NO. 3) 

. 10 20 30 40 SO 

\ 234567gQ0 1?14S67BQQ 1234 S67fl90 1234567B90 1234567330 

KLTYSTEVFl* DRC3<GNLCPS voYRISSNVD VALI>IRSPDG uDNQLIQITM =0 

rV^VLSIM^ QBCSE3C5IFKG rKSSQIIRKE NIZTWJRPVL LHU5KSKIKE 100 

tYSYQNEPAA rENIJ<RGLAS IIQ^USSGT TNEMDISGDC bVIYQWia^K 150 

VnOKWDSC KIEPAGETTP HC^/LGWTSFA TSVITYKin) SEWAVLSEE 200 

IRMi^LNFLQ SIAC3KIVSBQ KUEXICTTCAS VWi(PGMC^;A AIIKAVDSKY 250 

TAIPIVGCWF OSKCKQCPSL SEHWQSIPKH LQPDtOLSKAE AVRSElAFrK 300 

iiLRTAKKEEI LQII-KWENKE '/LPQLVDAVT SAQfTPDSLDA ILDFUDFKST 250 

ESVIDaERFL YTOVET^HPD EHURALISK FKSSEXSaOI RESVMIIIGA 400 

LVFKLCQtaaG CKLNGVIEAK KLIIJQG1£I<A ElfKEDVmCL LALKNARLPE 450 

GIPIIIiCflE TCSGPISHLA ATTLQRYDVP ETEDEVKKIM NRIYHGNRKI 500 

HEJOVKITAA AIILKNNPSY MEVKNILLSI GEIPKEM^ MLSr-«3)ILR 550 

FBIPASmm QVLKia-lVAHN YDRFSKSGSS SATlXJ/VEKr SHSASTYSLD 600 

ILYSGSGIUR RSNIKLFCfn EKlPLHGKy/ VIEWaGL£AL IAAIPDEX3EZ 650 

NLDSYWXSA LLFDVQIKV TFFKSYSDIM SW1LSASSDP MSWKGLLU- 700 

IDHSCEIQU3 SGLKAMdVQ GGIAIDITGA MEFSLWYPES KIHVKNKVSV 750 

LITQGI7VDS SEVKT^GIZIG AEIEAGLEFI ST^^afSO^F LVCiai:)KBD 800 

WYKyEira ERLSTGRGYI SRKRKESLIG QOEIPLHQEI^J SCM3CVVFAP 850 

QPES5SSGWF ®^ 
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HUMAN PROTEIN SECXJENCE 

(SEQ. ID. NO. 4) 

10 * 20 30 40 50 

JL23^?6799Q 1234567a90 1224567890 123 4567890 1234567B90 

MILLAVLEIjC FISSYSASVK GnTIGLSIW DRLYKL7YST C//LLDRGKGK 30 

DQDSVITjfPIS SNVDVAIIWR NPDGDDDQLI QIHTOIVNVE NW^XPGES^ . LOO 

IFKSKSPSKI MaaSMZAIQ RPTLLHLIHG KVKETYSYOJ E3V^/AIENIKR 150 

GIASLPQTOL SSGTINEMDI SGNOCVTYQA HCPICVnOKA LDSCKIAHSG 200 

FTTPtxyLGJ SSKATSVm KIBDScVIAV LAEETOFGL NFUJTIKCKI 250 

VSKQKLEXKT lEAGFRIKSG KQAAAIIKAV DSKmiPIV GQVFQSHCKG 300 

CPSLSELWRS TRKYLQPDNL SMftEAVRNFL AFIQHLKTAK KEEIDQILKM 350 

Q'IKEVLPQLV QAVTSTiarSD SLE^^ILDFUD FKSDSSIILQ ^FUO^XSTi 400 

SHPNEEUPA USKFMGSIG SSDIRETVMI ITGTLVRKLC QCGCKLKAV 450 

VEAKKLILG3 LE2<AE3«E33T P^Da-IAIi<^IA LLPBGIPSLL KYAEAGBS^I 500 

SHLATTALOR YDLPFITDEV KKTU^lRnHQ NRKVHEKTVR TMAAIII^W 550 

MPSiM3VKNI LLSIGELPO: M^jMAIVa DILWJE>?AS KIVRW/IKE^I 600 

'^JiNYDRFSR SGSSSAYTGY lERSPRSAST YSIDILYSGS GILRRSNLNI SO 

FCT/IGKAGLH CSQATIEIG^ LEALIAAm) EX£ENLDSA GMS^OIITOVQ 700 

LPPVrFFNSY SDLMSKMLSA SGDPISWKG t.ttj.tP HSQF: L0LQSC2i<AN 750 

lEVQQGIArD ISCaMEFSLW YRESKTRVKN PWTWITIDI TVDSSFVKM 800 

LETSIEIEAG LHTSTVCFS QXPFLVCMJI dCEAPERQF EIOCyERLSTG 850 

RCJifVSQKRKE SVIA9CEFPL HGBOSEMIKV VraPQPDSTS TX3WF 894 
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HUMAN PROTBN SEQUENCE 
<SEQ. ID. NO. 4, continued) 

10 20 30 40 50 ^ ~ 

1234567890 1234567690 1:^34567890 123/1567Q9Q 1234567R9Q 

MILLAVIilX: FISSYSASVK QilTGLSU^ DRLYKLTYST EVLLDK^GK ZO 

LQDSVGYRIS SNVDVAUJMR NPDOXJDQLI QITMKDVNVL NVN3QRGE2CS 100 

IFKGKSPSKl NGKENUEALQ RPTLLHLIHG KVKE7YSYCM EAVAIOJIKR ISO 

GLASLFQTOL SSGTINEM)! SG^a<mQA HQDKVIKIKA li^SCKIARSG 200 

FTTPNS^IXSV SSKATSVm KIEDSFVIAV lAEETHNPGL NFLQTIKGKI 250 

VSKQKLELiCr TEAGPIUKSG KQAAAIIKAV DSmAIPIV GOVFQSfCKG 300 

cpci.'JFUwnG TRKnawi. skabvvpnfl afichuh'^^k ker:ioiij<m ro 

OvflsKVirOLV DAVrfvXTTSD SliAILDFLD FKSDSSIILO FJ^.Y/m^A 400 

SlIPNEELUW LinKlTSGSIG SSDIICIVMI IlC?rLVRKLC QNEGCKLKAV 450 

VEAKKLILQG LEJsAEKKEDT RMmiVIi<^IA LLPE3GIP3LL KYAEAGEXSPI 530 

SHIATTAICR YDIPFITDEV KKHmiYHQ NEW/HEXTVR TAAAAIILNti 550 

NPSTi^Dmn LLSIGEUPQL M^JKYMLAIVQ DILRFQ-JPAS KIVRP^/LN3-1 €00 

VAHNYDRFSR SGSSSAYTGY lEKSPRSAST YSIDILYSGS CILRRSNIWI 650 

cVTYIGKAGLH GSQWIEftQG LEALIAATTO EXSEE^DSYA CMSAILFDVQ 700 

LRPVT5TNSY SDIMSKMLSA SGDP1S\A/KG LnJ.TDHSQE IjOIX)SC3LJKAN 750 

lEV'QQGIAID ISGAMEFSIW YRESKIRVKN RVIWITIDI IVDSSFVKW3 800 

LETSTETEAG LEFISTVyS JY?FXVCMCM DKDEAPFRQF Q1<\'EBLSTG 850 

FtG^lVSC^KRKE SVLAGOEIPL H0EXSCM3CV VFAPQPDSTS SGfr/F 894 



\ 



t 
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BOVINE/HUMAN PROTEIN COMPARISON 



BOVINE 
HUMAN 



- — KliTTST CV'LDRGKG'I 

MILLAVLFLC FISSYSASVK GHTT3LSLNH PRL^ M>TYST CV LPRGKC C 



16 
SO 



BOVINE 
HUMAN 



UOOSVGYRIS SWVOVAI.LWR 
LQOSVGYRZS SNVDVALLMR 



SPDGD 



4 3 



3LI OITMKDW; 
hi QITHKE 



E NVNOQRGERS 
5 HVNQQRGSKS 



66 
100 



BOVINE 
HUMAN 




HlTlItKENI-EWtrRJ 



RP I LLULZHG. 
RS 1 ZAHURO 




116 
ISC 



BOVINE 
HUMAN 



3LASU*GHDI> SSGTTNSVDZ ti 
LA51FC I ?L SSG^^miSVOT S( 



3RVTTI 
^SKVTY 



OA 
KVTYQA 



HQOKV X KZKA 
HODKV t KI 



LDSCK 
KA IJ>SCK 




166 
200 



HOVIKE 
HUMAN 



FTTr 
ITTP 


3VI/T/ 

avix}v 


SKATSVTTY KIEDSrW 
SXATSVTTY KlCOSrV 


RV I 
^V I 



^V 



C IRALF L 
K THNFC L 




:i6 

2S0 



BOVINE 
HUMAN 




KLEIJCT TEA3F 




IIKAV DSKYTAIPIV GQVTOt 
IIKAV OaKYlAXriV GQVFO: 




300 



BOVINE 
HUMAN 




LQPDHL SRACA 
PONL SXARA* 



VHlTi 

vpjt. 



'L mTWoKTAK 
X Arx:HLRTAK 



KESZLQI 
KCEZJUQ 



ZLm 



316 
3S0 



BOVINE 
HUMAN 



plKEVLPQLV DAVT5AQ' 
pNKEVLPQLV DAVTSAQ' 



iiDrtiD FK^r 

FKS3 



I) si: A 

SI E AIZDFLD 




XLO 


ERFI^YAd 


ILO 


eixtlyaJ 



366 
400 



BOVINE 
HUMAN- 



siuUei 



XUM LISKFKGSnS 



KGSnii ^>>IRE ; VMI i:^ 



LVRXU: Qtf GCKLi<y|w 



416 
450 



BOVINE 
HUMAN 



IEAFKLIX/jG ixkaekkesi 
\E>XKLXUK3 LEKAEIUCeor 



VpY 



XXJVLKNA 
ZLIJOKNA 




3 SEGP I 
rSEGPl 



4 66 
500 



BOVINE 
HUMAN 



SHXJ>^Rl4Z«0R Yt)W?FXTDEV KKTV^pRIYIlO NftF 
SHI«I^ lb P LQR YC yFZTDEV KRlf >IRIYHO NRXf yi 



IKF.TVR 
lERTVR 



11 AAAXZ1 
ir AAAXXl 




516 

sso 



BOVINE 
HIMAN 




X LLSZCEl 
X LLSZ 




566 
600 



BOVINE 
HUMAN 



VAHNYORTS < 
VAHNYDRTS^ 




SifsAST YSLDXLYSGS GZLRRSNLN 
PH3AST YSLDILrSGS GIUWSNUI 



1 



616 
650 



1 
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BOVINE/HUMAN PROTEIN COMPARISON 



BOVINE 
HUMAN 




GIIWICAQG LBALZAATPD CGCeMLDSYA 
C?QW1£»QG IXALtAATPO r.GECNLOSrA 




666 
700 



BOVINE 
HUMAN 



LRPVTrrNGY SDLMSKHUiA 
LRPVTfTNGY SDLMSKMI*3A 




SWKG 
VUSWKG 



LLLLXDHSQE LQLCSCLXAh 
LILLIDHSQC LOUQSCLKAr 



716 
T50 



BOVINE 
HUMAN 



HCVQQGLAZO 
IE VQGGUAXD 



ibSAMCrSLW YRESKTRVKN R 
I[SAM£r3LW YREaKTBVKH R 




TVDSSFVKAS 
TVDSSrVIVG 



766 
800 



BOVINE 
HUMAN 



TEAG LKFISTVQFS QYPrL* 

£AC LcrzsTVors oTvro 




816 
850 



BOVINE 
HUMAN 




XV VFAPQ 
KV VTAPQ 




860 
694 
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The bovine cDNA is a 2900 base composite of the cDNA 
sequences of clones 2 and 22 and has an open reading frame 
between bases 1 and 2580. predicting a transiation product of 860 
amino adds, followed by a TGA stop codon, 298 bases of 3 prime 
5 non-ooding sequence, and a poly A region. 

In the human cDNA, the 3185 bases predict an 894 amino 
acid translation product from bases 48 to 2729. followed by a TGA 
stop codon. 435 bases of 3 prime non-co<ting sequence, and a 
poly A region. 

1 0 In the cDNA comparison, there is about an 88% identity 

between overlapping sequences In the coding region (bovine 
bases 1-2583 and human bases 150 - 2732). It Is not necessary 
to Introduce any gaps to attain this alignment within the coding 
region. The homology Is somewhat weaker In the 3* noncoding 

1 5 region, includinp the introduction of several gaps to obtain optimal 
afignmenf. 

The bovine protein sequence (SEQ. ID. NO. 3) Is the 860 
amino acid translation product of the combined sequence of 
bovine cDNA clones 2 and 22. Sequences for the peptide 
20 fragments used to design oligonucleotide probes are as foi'iows: 
peptide t9A Is found between residues 37 and 51, peptide 37A 
between residues 539 and 550, and peptide 2A between residues 
565 and 572. 

The human protein sequence (SEQ. ID. NO. 4) is the 894 
25 amino add translation product of human cDNA clone 893. 

Ih the amino~add~comparison, the bovine protein shows 
about 86% identity to the human translation product. When 
considering highly conserved substitutions at nonidentical 
residues, the two proteins are about 94 % homologous. 
30 The Inventors extended their Knowledge of the 5* end of the 

foregoing bovine cDNA sequence with the sequence shown 
below, 5' to 3*. The top Bne shows the nucleotide sequence (SEQ. 
ID. NOTSKand'the bottom line IKeamino add sequence (SEQ. ID. 
NO. 6). The new sequence obtained (83 bases) is underlined. 



I 

4 
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TT TTT rrr mr ttp a tt» ttp rrx tat tca GCT TCT 

FLCFXSSYSAS 

TYTT ^'^^ f-'^ P^g^ AC^ ^" _QQJ_r^ '''^^ ^ 
VKGHTTGLSLNN 

5 nur- rnA rTA TAC AAA CTC ACA TAC TCC ACT GAA GTT 

DRLVKLTYSTEV 

The Inventors have also extended their knowledge of the 5' end of 
the foregoing hunnan cDNA sequence. The addrtlonal sequence 
(SEQ. ID. NO. 7) Is as follows: 

1 0 AGAGTCCACTTCTCA 

This sequence extends the 5* end of the hunrtan WTP cONA 
sequence tiy 15 bases. These sequences were generated from 
human Hver cDNA clone 754 Isolated during the Initial human 
cONA cloning (see Example 3), but were characterized after clone 
15 693. 

The Inventors have also elucidated a partial hunan 
genomic DNA sequence (SEQ. ID. NO. 8) for the high molecular 
weight subunit of MTP as shown below. Vertical «nes Indicate 
Intron/exon boundaries. Exon sequences are In plain type, intron 

20 sequences in bold. Anows Indicate portions of the Introns for 

which the sequence Is not reported (arrow lengths do not indicate 
the size of the introns). The numbers in the right column Indicate 
the first and last base of each exon relative to the human cDNA 
sequence shown supra. This extended genomic nucleic add. as 

25 wen as the extended cDNA, and fragments thereof are useful in 
the present invention. 



0 
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(SEQ. ID. NO. 6) 




ltocmgIp icq 

TCACACAACTGGTCTCTCATTAAATAATGACCGGCTGTACAACCTCACGT 
ACTCCACTGAAGTTCTrCTTCATCGGGGCAAAGGAAAACTGCAAGACACC EXON 2 
3TGGGCTACCGCATTTCCTCCAACCTGCATGTGCCCTTACTATGGACGAA 

TCCTGATGGTGATGATGACCAGTTCATCCAAATAACG 




296 



ACCACXTJUJLTCCAAJU»TTAGATXTCJU»ACTTr« 




TTATTITAACCCTJ 
TTATTAAAAAACCTACTTTXTAAATACCTTCTCCATTCTm 



CCAACTCTrrCTCTTXCTTTATCAl 

AGACAGATATACGAA Urrn 1 i i X AACAGCTnUli ICiUi lACTCCA^ 2 9 ^ 
7GAAGGATGTAAATGTTGAAAA7GTGAATCAGCAGAGAGGAGAGAACAGC ^^^^ ^ 

ATCTTCAAAGGAAAAAGCCCATCTAAAATAATGGGAAAGGAAAACTTGGA 
AGCTCTGCAAAGACCTACCCTCCTTCATCTAATCCATCGAAAGf^XAACC^^O 





AACATAATGTAACAAACCAACTCXTCJUaOCATGATIOG^^ 



i 
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(SEQ. ID. NO. 8, continued) 

TCXGXTJJUlT»TGawrTTrrGCTTCXl 1' lUAU'l ILl'Ul ILCCCTCTCCC 
aUXAcjc3TCAAAGAGTTCTACTCATATCAAAATC»GGCAGTGGCCA^ ' 
A^ATATCAAGAGAGGTCTGGCTAGCCTATTTCAGACACAGTTAAGCTCTG ^*0H ^ 

GAACCACaU^TGAcjsTACTTACCWlTATTAATAACC»^ 



CTAAGGXAXTGCTCAGAAAAGGTGACTTGTGTAG 



ATTCAAATCCCgCIUCXJtfXaUiTCCCAACCJCrTJirCCCCTTC^ 
TTAI^TAGAT ATCTCTGGAAATTGTAAAGTGACCTACCAGGCTCATCAAG 5 49 
ACAAAGTGATCAAAATTAAGGCCTrCGATTCATGCAAAATAGCGAGGTCT €XON 5 
GGATTTACCACCCCAAATCAg[;TATGXTACATCICAL'1'1'1CI1TG»CCC* 665 



CGATGATTACTTCTTATAAACATCGCTJaTTATrTAriTA^ ^ 
GTCAGTTCAAAAGCTACATCTGTCACCACCTATAAGATAGAAGACAGCTT 

OiON 6 

TCTTATAGCTGTGCTTGCTCAAGAAACACACAATTTTGGACTGAATTTCC 

T ACAAACC ATT AAGGGGAAAATAGT ATCGA;^AAfiATAATGCTAAAATT 305 

TTTA T ' I T IC TT TGCTATT CmU ' l TA TATTAJTATACTrCATTTGT ^ 
ATGATTATAATATAGCATTTCCCTTTGGTATrATGCAGjsCAGAAATTAGA 306 
GCTGAAGACAACCGAAGCAGGCCCAAGATTGATGTCTGGAAAGCAGGCTG ^ 
CAGCCATAATCAAACCAGTTGATTCAAAGTACACGGCCATTCCCATTGTG 
GGGCAGGTCTTCC AG AGCCACTCTAAAGCATCTCCTTCllsTAXCfTCCACA 956 
CJUUlTATGGGAATAATCATGKy^auayU'l'CTt.l'l'A iCArnTCTCTCCA 
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(SEQ. ZO. NO. B, continued) 



*>OCCTCCACTCTAT UA i ' X ' 1 ' iS CAGpTCTCGGAGCTCTCGCGGTCCACCAGG 957 
AAATACCTGCAGCCTCACAACCTTTCCAAGGCTGAGGCTGTCAGAAACTT 

EXON 8 

CCTGGCCTTCATTCAGCACCTCAGGACTGCGAACAAAGAAGAGATCCTTC 
AAATACTAAAGATGGAAAATAAGGAAGTATT|nAAfiTTCCCCAACCTTTG ^ ^ > 
TGTGGGGTTGTCtCTCAGAAACATTTCTGGAGTG » 

» 

GAIATCCATGATTATCCCTTTXTTTATAcJ^CTCAGCTGGTGGATGCTCT M I 5 

CACCTCTGCTCAGACCTCAGACTCATTAGAAGCCATTTTCGACTTTTTGC 

ATTTCAAAAGTGACAGCAGCATTATCCTCCAGGAGAGGTTTCTCTATGCC 

TGTGCATTTGCTTCTCATCCCAATCAAGAACTCCTGAGACCCCTCATTjyr '283 

AAGTCAAATAGAAAATAAAGACCCTCAACTCCTATXAAACTTCTTAAGAA 

TATTAACACTAATTAAAACTTTCTTACATCCGXArrCTTCGCCCTATACT 



CTATTTTATCCCTCCGTCCTTAATAcjwSTAAGTTCAAAGGTTCTATTGGT '28^ 
ACCAGTGACATCAGAGAAACTGTTATGATCATCACTGGGACACTTGTCAG ^^OH 1 0 



AAAGTTGTGTCACAATGAAGGCTGCAAACTCAW^AACTGCAAATCCAA 3? I 



ATTTCaiATAGCAAT 
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(SEQ. ID. NO. e, continued) 



ATCTATTTTTTTTAXAAXJlAGCATAJUyiCCTTTATCAJISCTT^^ 
TGCTTTTATTCCACTGTGTGCCTCACTCJUUSCIUIOCAJ^^ 
TAAAACTGTAGGTTGGTTTCTTGGaUXCAIUaUtfAAJUO^^ 
AACTCTTCTTCAATCTATGCTCJlTCCMJerAaCTJ^^ 

cai:|gcagtagtck;aagctaagaagttaatcctgggaggacttgaaaaagc i 392 
agagaaaaaagaggacaccaggatgtatctgctggctttgaagaatgccc 

CXON 1 1 

TGCTTCCAGAAGGCATCCCAAGTCTTCTGAAGTATGC^GAAGCAGGAGAA 
SGGCCCATCAGCCACCTGGCTACCACTCCTCTCCAGAOATATGATCTCCC 
TTTCATAACTGATGAG|^AAAATCTCCAACJUlTATTTCCJUUa^ I 60 4 

A^SAAAAA A AAAAA C X:XT(XrrGAACATCMU;TCAAAgCCAAATTCCCCTCX 
ACTCKCTCTCTAirf ITCCCCAAATACTCTTCTCTCCTCCTTAAAAATAAC 



TGAACTTCACTACASTCATGGAA£aUUU;ACItfCGJ>CAA A ^ 



AAATGTACTAACACATGTATATTTTTATGAACACTCACTATTCC^^ 



ATCTTATGAACACpTGAAGAAGACCTTAAACAGAATATACCACCAAnACC ! 605 
GTAAAGTTCATGAAAAGACTGTCCGCACTCCTGCAGCTGCTATCATTTTA 
AATAACAATCCATCCTACATGGACGTCAA6AACATCCTGCTGTCTATTGG EXON 1 2 
GGAGCTTCCCCAAGAAATGAATAAATACATGCTCGCCATTGTTCAAGACA 
TCCTACGTTTTGAAATGCCTGCAAG|nMAJCrJtfJIJTGCACATCTCT C ^ 1 3 » 6 



ATAATGATGTGGTCATTATGCAA 
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<S£0. ID. NO. 8, continued) 



AOCTGGACACCCTTGCCnGCTGTCATTTTGATJUXJUUlCTAAATTTC^ 



TTTTTTTTT 



4v 



ATTACAATGAATCTCCaC Ci T i ' l riUn ' U 'CCTC»ATCTTCCAC|::AAAA TT ^ S I 7 
GTCCGTCGAGTTCTGAAGGAAATCGTCGCTCACAATTATGACCCTTTCTC EXON 1 3 
CAGGAGTGGATC7TCTTCTGCCTACACTGGCTACATAGAAc|nATGIACA 1914 
CCAAAAAGAGGTTCTCCTTCCATACCCXUiaU^CTTAGCAT7 
GCTATrAAATTACACTTArrCTGTGTCATCAijGTAGTCCCCGTTCGGCAT 1915 
rTACTTACAGCCTACACATTCTCTACTCCGGTTCTGGCATTCTAAGGAGA 

EXON 1 4 

rtG . AACC7GAACA7C7T7CAGTACATTGGGAAGGCTGGTCTTCACGGTAG 
CCAcjn'AACTCACTTCTCATGGArrTrGCTTAATAAAGTATGCAAGJUUtf 2036 



TATAAGTTAATGGTGGCTTCTGTCATATTTTGCCCATCATTTGCTTATCT 
GTAAGAGGCT(7rATGGTrrA7ACTCACTCA£aUSlUUUnTTCaAA!TTTGAX 
CTTGAAACCTAACr AATTTGATCCAT7GAACTTGACAIIA7GTCCAT7 — ^ 
TGGCCCCTTGAGAAGTTCTAGCTGCACCTCAGAACCTTCACCATTAT^ 



G7GG7T A77GAAGCCCAAGCAC7GGAAGCC77AA7CGCAGCCACCCC7GA 2037 
C 3 AGCGGGAGGAGAACC77GAC7CC7 A7GC7GG7A7G7CAGCCA7CC7C T 
77GATG77CAGC7CACACC7C7CACCTT7TTCAACGGATACAG7GA777G EXON 1 5 
A7G7CCAAAA7GC7G7CAGCA7C7GGCGACCCTATCAGTGTGCTGAAAGG 
AC77A77C7GC7AA7AGA7CA77C7CA(^STAATTCKMYCAGTCTGTGI^ 2264 
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(SEQ. ID. NO. 8, continued) 



ATO-* * * ^ *^"TrCTA«^AACTTCAGTTACAATCTGGACTAAAAGCC^AT 2265 
ATAGAGGTCCAGGGTCGTCTAGCTATTGATATTTCAGGTGCAATGGAG77 CXON 16 
rAGCT7GTGGTATCGTGAGTCTAAAACCCGAGTGAAAAATAG|sXAACTGT 2339 
TTAJGCATrATACATTTATGAATTACATATAAGACTAlAT » 
C"GG«ATTTCIGACCTGCTGAGAC^ 

CATTTTGCrC'lYXUWATCXXCATACGAAJUJUTCTACX^ 



UUCCCCAA 

ACCTrCCCrCCCCAATATCTCUUSACTCACGAGOOCCTGGTTAOaW^^ 
ACTCTAACCACATCCACGTCACCTCTGAXyCCCTTAACT OA 



ATACCATTAAATATAATATGAACAAGTTT i 1 ICi i ITTATC TCiUUTGrr 

TA^3G7GA;7C7CG7AA7AACCAC7GACA7CACAG7GGAC7CC7C7777G 2390 
TGAAAGC7CGCC7GGAAACCAG7ACAGAAACAGAAGCAGGTT7GGAGT7T 
ATC • -wAcAG7GCAG7777C7CAG7ACCCA77C77AGT7TGCAYGCACA7 
3GACAAGGA7GAAGC7CCA77CAcjCTAACA10atfKXnACACCT 2560 



•c 

AGTTTauyUiTTAAAAOUAACACTAGAAACCaUM^^ 

CTTTAAATGAGTACAACAATAATTGATAACGCXaUUUUUUUarCACTTT^ 
GGCATAOrAAAAAAAAATCTAATGACTACTTCATCTGJaTCTa^^ 
TTATCATATTCTAATCCAGAAACAATTP ^ 
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(SEQ* ID. NO* 8, continued) 



EXON I 



AXJUSCCTGJUrTTJUWCTCTGTGTOTAMTC^^ 

WaU^AATTTGAGAAAAAGTACGAAACGCTGTCCAC^ 256 
GTCTCTCAGAAAACyVAAAGAAAGCCTATTAGCAGGATCTGAATTCCCGCT 

CCATCAAGAGAACTCAGAGATGTGCAAAGTGGTGTTTGCCCrTCAGCCGG 
ATAGTACTTCCACCGGATGGTTTTGAAACTGACCTGTGATATTTTACTTG 
AATTTCTCTCCCCGAAAGGGACACAATGTGGCATGACTAACTACTTGCTC 
TCTGAGAGCACAGCGTTTACATATTTACCTCTATTTAAGATTTTTCTAAA 
AAGCTACyUUUUUVCTGCACTTTGATCAAATTTGGGTATATGCAGTATGCT 
ACCCACAGCGTCATTTTGAATCATCATGTGACGCTTTCAACAACGTTCTT 
AGTT7ACTTATACCTCTCTCAAATCTCATTTGGTACAGTCAGAATAG7TA 
TTCTCTAAGACGAAACTAGTGTTTGTTAAAAACAAAAATAAAAACAAAAC 
CACACAAGGAGAACCCAATTTTG7TTCAACAATTTTTGATCAATGTATAT 
GAACCTCTTGATACGACTTCCTTAAGCATGACGGGAAAACCAAACACGTT 
rrcTAATCAG GAAAAAAAAAAAAAAAAAAG GTAGGACACAACCAACCCAT 
TTTTTTTCTCTTTTTTTGGAGTTGGGGGCCCAGGGAGAAGGGACAAGACT 
TTTAAAAGACTTGTTAGCCAACTTCAAGAATTAATATTTATGTCTCTGTT 
ATTGTTAGTTTTAAGCCTTAAGGTAGAAGGCACATAGAAATAACATCTCA 
TCTTTCTGCTGACCATTTTACTGACGTTGTTCCAAAGACATTCAGGTCTC 
' TACCTCCAGCCCTGCAAAAATATTGGACCTAGCACAGAGGAATCAGGAAA 
ATTAATTTCAGAAACTCCATTTGATTTTTCTTTTGCTGTGTCTTTTTGAG 
ACTGTAATATGGTACACTGTCCTCTAAGGGACATCCTCATTTTATCTCAC 
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(SEG. ID. NO. 8, continued) 



CTTTTTGGGGGTGAGAGCTCTAGTTCATTTAACTGTACTCTGCACAATAG 
CTAGGATGACTAAGAGAACATTGCTTCAAGAAACTGGTGGATTTGGATTT 
CCAAAATATGAAA7AAGGAAAAAAATGTTTTTATTTGTATGAATTAAAAG 
ATCCATGTTGAACATTTGCAAATATTTATTAATAAACACATGTGGTGATA 
AACCCAAAAC AAATCAC AGGTCC TTATTTTCCACT AAACACAGACACATG 
AAATGAAAGTTTAGCTAGCCCACTATTTGTTGTAAATTGAAAACGAAGTG 
TGATAAAATAAATATGTAGAAATCATATTGAATTC 
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The nucleic acids of the present Invention can be isolated 
from a variety of sources, although the presently preferred 
sequences have been isolated from human and bovine cDNA and 
human genomic libraries. The exact amino acid sequence of the 
5 polypeptide molecule produced will vary with the Initial ONA 
sequence. 

The nucleic acids of the present invention can be obtained 
using various methods well-known to those of ordinary skill in the 
art. At least three attematlvo principal methods may be employed: 
10 (1 ) the Isolation of a double*strarKjed DNA sequence 



In the first method, n genomic or cDNA library can be 
screened In ordor to identify a DNA sequence coding for oil or part 
of the high molecular weight subunit of MTP. For example, bovine 
or human cONA libraries can be screened in order to identify a 

20 DNA sequence coding for all or part of MTP. Various cDNA 

libraries, for example, a bovine small intestine lambda gt10 library 
(Ctontech Laboratories, Inc. Palo Aho, CA). a human liver lamtxte 
UNI-ZAP^ XR library (Stratagene Cloning Systems. La Jolla. CA). 
or a human intestine lamtxia gtIO library (Clontech), can be used^ 

25 Venous techniques can be used to screen genomic DNA or 

cDNA libraries for target sequences that code for the high 
molecular weight sutxjnit of MTP. This technique may. for 
example, employ a labeled' single-stranded DNA pmbe with a 
sequence complementary to a sequence that codes for the high 

30 molecular weight subunit of MTP. For example, DNA/DNA 

hybridization procedures may be used to identity the sequence in 
the cloned cop^s of genomic DNA or cDNA which have been 
denatured to a single-stranded form. Suitrble prot>eG include 
cDNA for the high moteajlar weight sutxjnit of MT" acquired from 



from genomic DNA or complementary DNA (cDNA) 
which contains the sequence; 



15 



(2) 
(3) 



the chemical synthesis of the DNA sequence; and 
the synthesis of the OUA sequence by polymerase 
chain reaction (PGR). 
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the same or a related species, synthetic ongonudeotides, and the 
like. 

A genomic ONA or cDNA library can also be screened lor a 
genomic DNA or cDNA coding for all or part of the Ngh molecular 
weight subunit of MTP using immunoblotting techniques. 

In one typical screening method suitable for the 
hybridization tediniques. a genomic ONA or cONA library is first 
spread out on agarose platos, and then the clones are transferred 
to filter mombraries, for example, nitrocellulose membranes. Tho 
genomic library Is usually contained In a vector such as EMBL 3 or 
EMBL 4 or derivathres thereof (e.g., lambda OASHT^). The cONA 
library is usually contained In a vector such as xgtIO, xgtl 1 , or 
lambda ZAP. A DNA probe can then be hybridized to the clones to 
Identify those clones containing the genomic DNA or cONA coding 
for all or part of the high molecular weight subunit of MTP. 
Altemath^ely, appropriate [LCQlt strains containing vectors xgtll or 
lambda ZAP can be induced to synthesize fusion proteins 
containing fragments of proteins corresponding to the cDNA Insert 
In the vector. The fusion proteins may bo transfen'ed to filter 
membranes, for oxample, nitrocellulose. An antibody may then be 
bound to the fusion protein to Identify all or part of the high 
molecular weight subunit of MTP. 

In the sooond method, the nucleic adds of the present 
invention coding for all or part of MTP can be chemically 
synthesized. Shorter oligonucleotides, such as 15 to 50 
nucleotides, may be diredly synthesized. For longer 
oligonuclootides. the DNA sequence coding for the high molecular 
weight subunit of MTP can t>e synthesized as a series of 50-100 
base oligonucleotides that can then be sequentially ligated (via 
appropriate lermir«al restridion sites) so as to form the corred 
;!near sequence of nucleotides. 

In the third method, the nucleic acids of the present 
invention coding for all or part of the high molecular weight subunit 
of MTP can be synthesized using PGR. Briefly, pairs of symhetic 
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DNA oligonucleotldos gonerally at least 15 bases in length (PGR 
primers) that hybridize to opposite strands of the target DNA 
sequence are used to enzymatlcally amplify the Intervening region 
of DNA on the target soquonoe. Repeated cycles of heat 
5 denaturation of the template, anneaflng of the primers and 
extension of the a'-tenninl of the annealed primers with a DNA 
polymerase results in amplification of the segment defined by the 
PGR primers. Sfifl White, T J. at al- Tmnds Genet. 185-9 
(1989). 

1 0 The nucleic adds of the present invention coding for all or 

part of MTP can also be modified (l.e., mutated) to prepare various 
mutations. Such mutations may change the amino add sequence 
encoded by the mutated codon, or they may be silent and not 
change the amino add sequence. These modified nucleic adds 

1 5 may be prepaanJ, for example, by mutating the nucleic add coding 
for the high molecila'' weight subunH of MTP so that the mutation 
tesults In the deletion, substitution, Insertion, Inversion or addition 
of one or more amino adds in the encoded polypeptide using 
various methods known In the art. For example, the methods of 

20 site-directed mutagenesis descritied In Taylor, J. W. et aL. tfugL 

Acids Res 12. 8749-64 (1985) and Kuntcel. J. A., Prnr Natl A«id 

Sd, USA Rg. 482-92 (1985) may be employed. In addition, kits for 
site-directed mutagenesis may be purchased from commerdat 
vendors. For example, a Idt for performing site*directed 

25 mutagenesis may be purchased from Amorsham Corp. (Ariington 
Heights, IL). In addition, disruption, deletion and tnjncation 
methods as described In Sayers, J. R. at ai.. Nuei. Adds hna, j^. 
791-800 (1988) may also be employed. Mutations may be 
advantageous In produdng or using the polypeptides of the 

30 present Invention. For example, these mutations may modify the 
function of the protein (e.g., result In higher or lower activity), 
penmit higher levels of protein production or easier purification of 
the protein, or provide additional restriction endonuclease 
recognition sites In the nucleic add. All such modified nucleic 
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adds and potyp^ptido molecules are Included within the scope of 
the present Invention. 

ExpresslQn vflctors 

5 The present invention further concerns expression vectors 

comprising a DNA sequence coding for all or part of the high 
molecular weight suimnit of MTP or a protein complex comprising 
both the high and low molecular weight subunHs or portions 
thereof. The expression vectors preferably contain all or part of 

1 0 the DNA sequence having the nucleotide sequence shown in 

SEQ. ID. NOS. 1 , 2, 5. 7, 8, 1 together wHh 5, 2 togethor with 7. the 
first 108 bases of 2 together wHh 8, or the first 108 bases of 2 
together with 7 and 8. Further preferred are expression vectors 
comprising one or more regulatory DNA sequences operatlvely 

1 5 linked to the DNA sequence coding for all or part of the high 

molecular weight subunit of MTP. As used In this context, the term 
'operatlvely linked" means that the regulatory DNA sequences are 
capable of directing the replication and/or the expression of the 
DNA sequence coding for all or part of the Ngh molecular weight 

20 subunit of MTP. 

Expression vectors of utility In the present invention are 
often In the form of "plasmlds*, which refer to circular double 
stranded DNA loops that, h their vector form, are not bound to the 
chromosome. However, the Invention Is interuled to Include such 

25 other forms of expression vectors which serve equivalent functions 
and which become known In the art subsequently hereto. The 
expression vectors of the present inventk>n may also be used to 
stably integrate the DNA sequence encoding the high molecular 
weight subunit of MTP Into the chromosome of an appropriate host 

30 cell (e.g.tCOS or HepG2 cells). 

Expressiori vectors useful in the present invention typically 
contain an origin of repfication, a promoter located 5' to 0*a.. 
upstream of) the DNA sequence, foHowed by the DNA sequence 
coding for all or part of the high molecular weight subunit of MTP, 
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transcription tenminatlon sequences, and the remaining vector. 
The expression vectors may also Include other ON A sequences 
known in the ad, for oxample, stability leader sequences which 
provide lor stability of the expression pfoduct. sec-etory leader 
5 sequences which provide for secretion of the expression product, 
sequences which allow expression of the stmctural gene to k>e 
modulated (e.g.. by the presence or absence of nutrients or other 
inducers in the growth medium), marking sequences which are 
capable of providing phenotypic selectkin in transformed host 

1 0 cells, sequences which provide sites for cleavage by restriction 
endonucleases, and sequences which allow expression in various 
types of hosts. Including but not Rmlted to prokaryotes. yeasts, 
fungi, plants and higher eukaryotes. The characteristics of the 
actual expression vector used must be compatible with the host 

,15 cell which Is to be employed. For example, when expressing DNA 
sequences In a mammalian ceil system, the expression vector 
should contain promoters Isolated from the genome of mammalian 
cells, (e.g., mouse metallothlonien promoter), or from viruses that 
grow In these cells (e.g., vaccinia virus 7.5 K promoter). An 

20 expression vector as contemplated by the present Invention is at 
least capable of directing the replicatton, and preferably the 
expression, of the nuckilc acids of the present Invention. Suitable 
origins of replication include, for example, the Col El , the SV40 
viral and the Ml 3 orglns of replication. Suitable promoters 

25 Include, for example, the cytomegalovirus promoter, the lac Z 
promoter, the gal 10 promoter and the AM^Qff^^^ californica : 
multiple nuclear polyhedrosis vims (AcMNPV) polyhedral 
promoter. Suitable termination sequences include, for example, 
the bovine growth honmone, SV40. lac Z and AcMNPV polyhedral 

30 polyadenylation signals. Examples of selectable markers include 
neomycin, amptdllin. and hygromycin resistance and the like. Alt 
of these materials are known in the art and are commerdafty 
available. 
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Suitable oommerdaNy available expression vectors Into 
* which the DMA sequences of the present Invention may be 
inserted include the mammalian expression vectors pcONAI or 
pcDNA/Neo, the baculovirus expression vector pBlueBac, the 
5 prokaryotic expression vector pcDNAll and the yeast expression 
vector pYes2, all of which may be obtained from Invitrogen Corp.. 
San Diego, CA. 

Suitable expression vectors containing the desired, coding 
and control sequences may be constructed using standard 
1 0 recombinant ONA techniques Known in the art, many of which are 

described In Sambrook, »t al . MQlfteutflf rJnnln^- a t ahftralnry 

Manual. Second Edition. Cold Spring Harbor Laboratory. Cold 
Spring Habor. NY(1989). 

15 Host calls 

The present Invention additionally concerns host cells 
containing an expression vector which comprises a ONA 
sequence coding for all or part of the high molecular weight 
subunit of MTP. See, for example the host cells of Example 4 

20 herelnbelow. which are preferred. The host cells preferably 
contain an expression vector which comprises all or part of the 
DNA sequence having th*9 nucleotide sequence substantially as 
shown in SEQ. ID. NOS. 1 , 2, 5, 7, 8, 1 together with 5. 2 together 
with 7, the first 108 bases of 2 together with 8, and the first 108 

25 bases of 2 together with 7 and 8. See, for example, the 

expression vector appearing In Example 4 herelnbelow, which is 
preferred. Further preferred are host cells containing an 
expression vector oompr^nsf one or more regulatory DNA 
sequences capable of directing the replication and/or the 

30 expression of and operativeiy linked to a DNA sequence coding 
for all or part of the high molecular weight subunit of MTP. 
Suitable host cells include both prcltaryotic and eukaryotic cells, 
Suitable prokaryotic host cells Include, for example, g- eQ|i strains 
HBl01.0H5a. XLI Blue. Y1090 and JM101. Suitable eukaryotic 
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host cells Include, for example. Spodoptflra iPifllpflfda Insect cells. 
COS-7 cells, human skin fibroblasts, and ^archaromvces 

cflrevlslafl cotts. 

Expression vectors may be Introduced Into host colls by 
5 various methods known in the art For example, translection of 
host cells with expression vectors can be carried out by the 
calcium phosphate precipitation method. However, other methods 
for Introducing expression vectors Into host cells, for example, 
electroporatlon, liposomal fusion, nuclear injection, and viral or 
. 1 0 phage Infection can also be emptoyed. 

Once an expression vector has been introduced into an 
appropriate host cell, the host cell may be cultured under 
conditions permitting expression of targe amounts of the desired 
polypeptide, in this case a polypeptide molecule comprising all or 

1 5 part of the high molecular weight subunH of MTP. 

IHost cells containing an expression vector that contains a 
DNA sequence coding for an or part of the high molecular weight 
subuntt of MTP may be Identified by one or more of the following 
six general approaches: (a) DNA-DNA hybridization; (b) the 

20 presence or absence of maricer gene functions: (c) assessing the 
level of transcription as measured by the production of mRNA 
transcripts encoding ttte high molecular weight sutxjnit of MTP In 
the host cell; (d) detection of the gene preduct Immunologically: 
(e) enzyme assay; and <f) PGR. 

25 In the first approach, the presence of a ONA sequence 

coding for all or part of the high molecular weight subunit of MTP 
can be detected by DNA-ONA or RNA-ONA hybridization using 
probes complementary to the DNA sequence. 

In the second approach, the recombinant expression vector 

30 host system can be kJentifled and selected t>ased upon the 
presence or absence of certain mariner gene functions (e.g., 
thymidine kinase activity, resistance to antibiotics, etc.). A maricer 
gene can be placed In the same plasmid as the ONA sequence 
coding for all or part of the high molecuiar weight subunit of MTP 
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under the regulation of the same or a different promoter used to 
regulate the MTP coding sequence* Expression of thrmarker 
gene Indicates expression of the DNA sequence coding for all or 
part of the high molecular weight sutxinit of MTP. 
5 In the third approach, the pnxJudfon of mRNA transcripts 

encoding the high moteailar weight subunit of MTP can be 
assessed by hybridization assays. For example, polyadenylated 
RNA can be isolated and analyzed by Northern blotting or a 
nuclease protection assay using a probe complententary to the 

1 0 RNA sequence. AUemath^ely. the total RNA of the host cell may be 
extracted and assayed foi hybrfdization to such prot>es. 

In the fourth approach, the expression of all or part of the 
high molecular weight subunit of MTP can be assessed 
Immunologically, for example, by Immunoblotting with antibody to 

15 MTP (Westem blotting). 

In the fifth approach, expression of the high molecular 
weight subunit of MTP can be measured by assaying for MTP 
enzyme activity using known methods. For example, the assay 
described herein below may be emptoyed. 

20 in the sixth approach, oligonucleotide primers homologous 

to sequences present in the expression system (i.e.. expression 
vector sequences or MTP sequences) are used in a PCR to 
produce a DNA fragment of predicted length, indicating 
Incorporation of the expression system In the host cell. 

25 The DNA sequences of expre.ssion vectors, plasmids or 

DNA molecules of the present Invention may be determined by 
various methods known In the art For example, the dideoxy chain 
termination method as described in Sanger et at.. Pmff. Nail Acad, 
Sd. USA 24. 5463-7 (1 977), or the Maxam*Gllbert method as 

30 doscribed In Pmc Natl Acad. Sd. USA 24. 560-4 ( 1 977) may be 
employed. 

In order to express catatyticalty active MTP, H may be 
necessary to produce a protein complex containing both the high 
and low molecular weight subunils of MTP. The tow molecular 
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weight subunit of MTP is the proviousty characterized protein, 
protein disulfide Isomerase (POI). POI cONAs have been cloned 
from human (PlhtajanlenU at al,. gMBQ J fi, 643*9 (1 987)]. bovine 
{Yamaguchi aLal. Biochem. Blonhv^t R»« rnmi^, j^g, 1 485-92 

5 (1 987)], rat (Edman et aI.. fjlatum ajz 287-70 (1 965)) and chicken 
{Kao flLAl. Connective Tissue Rfl^gpflrrh jL£, 1 57.74 ( 1 938)]. 
Various approaches can be used In producing a protein 
containing both the high and low molecular weight subunits of 
MTP. For example, cDNA sequences encoding the subunits may 

0 be inserted Into the same expression vector or different expression 
vectors and expressed in an appropriate host cell to produce the 
protein. 

It should, of course, be understood that not all expression 
vectors and DNA regulatory sequences will function equally well 
5 to express the DNA sequences of the present Invention. Neither 
will all host calls function equaHy well with the same expression 
system. However, one of ordinary skill In the art may make a 
selection among expression vectors. ONA regulatory sequences, 
and host cells using the guidance provided herein without undue 
expcrimentatton and without departing from the scope of the 
present Invontion. 

PQlypefltittes 

The present invention further concerns potypoptide 
molecules comprising all or part of the high molecular wreight 
subunIt of MTP, said polypeptide molecules preferably having all 
or part of the amino add sequence as shown In SEQ. ID. NOS. 3, 
4, or 3 together with 6. In the case of polypeptide molecules 
comprising part of the high molecular weight subunit of MTP, It Is 
preferred that polypeptide moleailes be at least about 5 to 8 
sequential amino adds In length, more preferably at least about 
15 to 20 sequential amino adds In length. Also preferred are 
polypeptides at least about 180 sequential amino acids in length, 
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which may approximate the size of a staictural domain within the 
protein. 

AH amino acid sequences are represented herein by 
formulas-whose left to right orientation Is In the conventional 
5 direction of amino-terminus to cartx>xy-terminus. 

The polypeptides of the present invention may be obtained 
by synthetic means. I.e.. chemical synthesis of the polypeptide 
from its component amino adds, by methods known to those pf 
ordinary sKill in the art For example, the solid phase procedure 

1 0 described by Houghton fiLaL. Prog Natl Arad Sri 02. 5 1 3 1 -5 
(1 985) may be employed. It Is preferred that the polypeptides be 
obtained by production in proKaryotlc or eukaryotic host ceils 
expressing a ONA sequence oocfing for all or part of the high 
molecular weight subunit of MTP. or by in vitro translation of the 

1 5 mRNA encoded by a DNA sequence coding for all or part of the 
high molecular weight subunH of MTP. For example, the DNA 
sequence of SEQ. iO. NOS. 1. 2, 5. 7, 8, 1 together with 5. 2 
togelhor with 7, the first 108 bases of 2 together with 8, or the first 
100 bases of 2 together with 7 and 6 or any part thereof rnay be 

20 synthesized using PGR as descrltMd above and inserted Into a 
suHabSe expression vector, which In turn may be used to transform 
a suitable host ceil. The recombinant host cell may then bB 
cultured to produce the high molecular weight subunit of MTP. 
Techniques for the production of polypeptides by these means are 

25 known in the art, and are described herein. 

The polypeptides produced in this manner may then be 
isolated and purified to some degree using various protein 
purification techniques. For example, chromatographic 
procedures such as ion exchange chromatography, gel filtration 

30 chromatography and immunoaffinlty chromatography may be 
employed. 

The polypeptides of the present Invention may be used in a 
wide variety of ways. For example, the polypeptides may be used 
to prepare in a known manner polyclonal or monoclonal 
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aniibodies capable of binding the polypeptides. These an^tx)dies 
may In turn t>e used for the detection of the polypeptides of the 
present Invention In a sample, for example, a cell sample, using 
- immunoassay techniques, for example, radioimmunoassay, 
5 eruyme immunoassay, or Immunocytochemistry. The antibodies 
may also be used in affinity chronurtography for isolating or 
purifying the polypeptides of the present Invention from various 
sources. 

The polypeptides of the present invention have been 

1 0 defined by means of determined DNA and deduced amino acid 
sequencing. Due to the degeneracy of the genetic code, other 
DNA sequences which encode the same amino add sequences 
depicted in SEQ. ID. NOS. 3, 4, 3 together with 6, or any part 
thereof may be used for the production of the polypeptides of the 

1 5 present invention. 

It should be further understood that allelic variations of 
these DNA and amino add sequences naturally exist, or may be 
intentionally Introduced using methods kno^m in the art. These 
variations may be demonstrated by one or more amino add 

20 changes in the overall sequence, such as deletions, substitutions, 
insertions, inversions or addition of one or more amino adds in 
said sequence. Such changes may be advantageous in 
produdng or using the polypeptides of the present invention: for 
example In isolation of MTP or the polypeptides by affinity 

25 purification. AvrAno add substitutions may be made, lor example, 
on the basis of similarity in polarity, charge, solubility, 
hydrophobidty, hydrophilldty and/or the amphiphathic nature of 
the residues involved. For example, negatively charged amino 
adds include aspartic add and glutamic add; positively charged 

30 amino adds include lysine and arglnine; amino adds with 

uncharged polar head groups or nonpolar head groups having 
similar hydrophilldty values Indude the following: leudne. 
isoleudne, valine, glydne. alanine; asparagine, glutamlne; serine, 
threonine; phenylalanine, tyrosine. Other contemoiated variations 
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indudo salts and asters of the aforementioned polypeptides, as 
well as ;.reoursors of ttie aforemomioned polypeptides; for 
example, precursors having N*terminal substituents such as 
methionine, N-formylmethionine and leader sequences. All such 
5 variations are included within the scope of the present invention. 

Wflt^T^ff f"'' rifttection of nucleic acids 
The present Invention further concerns a method for 
detecting a nucleic add sequence coding for all or part of the high 

1 0 molecular weight subunit of MTP or a related nucleic add 

sequence, connprtsing contacting the nucleic add sequence with a 
dotedable marker which binds spsdflcally to at least a portion of 
the nucleic add sequence, and detecting the marlcer so bound. 
The presence of tK)und marker Indicates the presence of the 

1 5 nucleic add sequence. Preferably, the nucleic add sequence is a 
DNA sequence having ail or part of the nucleotlc^ sequence 
sub!;tantially as shown In SEQ. ID. NOS. 1 . 2. 5. 7, b 1 together 
with 5, 2 together with 7. the first 108 bases of 2 together with 8, or 
the first 108 bases of 2 together with 7 and B. or is complcmentfjy 

20 thereto. 

A DNA sample containing the DNA sequence can be 
isolated using various methods for DNA isolation which are well- 
known to those of ordinary sldJl In the art. For example, a genomic 
DNA sample may be Isolated from tissue by rapidly freezing the 

25 tissue from which the DNA is to be isolated, crushing the tissue to 
produce readily digestible pieces, pladng the crushed tissue in a 
solution of proteinase K and SDS, and Incubating the resulting 
solution until most of the cellular protein is degraded. The 
genomic DNA is then deproteinlzed by successive 

30 phenoi/chtoroform/isoamyl alcohol extractions, recovered by : 
ethanol predpltatton, and dried and resuspended in buffer. 

Aiso preferred is the method in which the nucleic add i 
sequence Is an RNA sequence. Preferably, the RNA sequence is 
an mRNA sequence. AMitlonally prafenned Is the method in which 
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the RNA sequence is boated in the cells of a tissue sample. An 
RNA sample containing the RNA sequence may be isolated using 
various methods for RNA isolation which are well-l(nown to those 
of ordinary skill in the art. For example, an RNA sample may be 
5 isolated from cultured cells by washing the cells free of medium 
and then lysing the cells by placing them In a 4 M guanidinium 
solution. The viscosity of the resutting solution is reduced by 
drawing the lysate through a 20-gauge needle. The RNA is then 
pelleted through a cesium chloride step gradient, and the 

10 supernatant fluid from the gradient carefully removed to allow 
complete separation of the RNA, found In the pellet, from 
contaminating DNA and protein. 

The detectable marker useful lor detecting a nucleic add 
sequence coding for all or part of the high molecular weight 

1 5 subunrt of MTP or a related nucleic add sequence, may be a 
labeled DNA sequence. Induding a labeled cONA sequence, 
having a nucleotide sequence complementary to at least a portion 
of the DNA sequence coding for all or part of the high molecular 
weight subunit of MTP. 

20 The detectable maiHer may also be a labeled RNA having a 

sequence complementary to at least a portion of the DNA 
sequence coding for all or part of the high molecular weight 
subunit of MTP. 

The detectable markers of the present invention may be 

25 labeled with commonly employed radioactive labels, such as ^^P 
and ^S, although other labels such as bictin or mercury may be 
emptoyod. Various methods well-known to those of ordinary siOtI 
in the art may be used to label the detectal>le markers. For 
example, DNA sequences and RNA sequences may be labeled 

30 with 32p or ^^S using the random primer method. 

Once a suitable detectable marker has been obtained, 
various methods well-known to thos9 of ordinary skill in the art 
may be emptoyed for contacting the cetectabie marker with the 
sample of interest. For example, DNA-DNA, RNA-RNA and DNA- 
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RNA hybridizations may be perfomied using standard procedures 
known in the ait. In a typical DNA-ONA hybrfdization procedure . 
for detecting ONA sequences coding (or all or part ot MTP in 
genomic ONA, the genomic DMA is first Isolated using known 
5 methods, and then digested with one or mom restriction enzymes. 
The resulting ONA fragments are separated on agarose gels, 
denatured In s?tu. and transferred to membrane filters. After 
prehybridization to w6uce nonspecific hybridization, a 
radiolabeled nucleic add probe Is hybridized to the immobilized 

1 0 ONA fragments. The membrane Is then washed to remove 

unbound or weakly bound probe, and Is then autoradiographed to 
Identify the ONA fragments that have hybridized with the probe. 

The presence of bound detectable marker may be detected 
using various methods well-known to those of ordinary skill In the 

1 5 art. For example. If the deterrtabte marker is radloactively labeled, 
autoradiography may be emptoyed. Depending on the lat>ei 
empk^yed. other detection methods such as spectrophotometry 
may also be usod. 

It shouki be understood that nucleic acid sequences related 

20 lo nucleic add sequences coding for all or part of the high 

molecular weight subunit of MTP can also be detected using the 
methods described herein. For example, a ONA probe that has 
conserved regions of the gene for the high molecular weight 
subunit of human or bovine MTP can be used to detect and isoiatd 

25 related ONA sequences (e.g., a ONA sequence coding for the high 
molecular weight sulxinit of MTP from mice, rats, hamsters, or 
dogs). All such methods are included within the scope of the 
present invention. 

30 Methods lor dBloctlna MTP InhibHors 

The present Invention further concerns methods for 
detecting inhibitors of MTP. In particular, the present invention 
concems a process for detecting an inhibitor of MTP ooinprising: 
(a) incubating a sample thought to contain an inhibitor of MTP with 
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detectably labeled lipids In donor particles, acceptor particles and 
MTP: and (b) measuring the MTP stimulaled transfer of the 
detectably labeled lipids from the donor particles to the acceptor 
particles. In this assay, an inhibitor would decrease the rate of 
5 MTP-stimutated transfer cf detectable labeled lipid from donor to 
acceptor particles. The detection may be carried out by nuclear 
magnetic resonance (NMR), electron spin resonance (ESR). 
radiolabeling (which is preferred), fluorescent labeling, and the 
like. The donor and acceptor particles may be membranes. HDL. 
10 low density Bpoproteins (LOL), SUV, lipoproteins and the Bke. 

HDL and SUV are the preferred donor particles; LDL and SUV are 
the proferred acceptor particles. 

The foregoing procedure was carried out to identify the MTP 

inhibitor 

15 A • 




which has the name 2-|l-{3, 3-diphenylpropylH-plper1dinyll-2, 3- 
dihydro-3-oxo-iia-isoindole hydrochk>rido (herein referred to as 
"compound A"). Preparation of compound A is described in: U. S. 
20 Pat. No. 3. 600, 393. The foregoing procedure also identified the 
MTP inhibitor 




which has Ihe name l-[3-(6-fluono-1-tetralanyl)methyll-4-0- 
25 methoxyphenyl piperazine (herein referred to as "compound B"). 
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These compounds wore Identified by the procedures described In 
the wortung examples hereinafter. 

MeihQda,otlrflajimq.nl 

5 The present invention also concerns a novel method for 

preventinn* stabilizing or causing regression of atherosclerosis in 
a mammalian species comprising administration of a 
therapeutically effective amount of an agent which decreases the 
amount or activity of MTP. 

1 0 The present invention further concerns a novel method for 

lowering serum lipid levels, such as cholesterol or TG levels, in a 
mammalian species, which comprises administration of a 
therapeutically effective amount of an agent which decreases the 
amount or activity of MTP. 

1 5 The treatment of various other conditions or diseases using 

agonts which decrease the amount of activity of MTP is also 
contemplated by the present invention. For example, agents 
which decrease the amount or activity of MTP and therefore 
decrease serum cholesterol and TG levels, and TG, fatty acid and 

20 cholesterol absorption are likely to be useful In treating 

nypercholesterolemla, hypertriglyceridemia, hyperiipidemla, 
pancreatitis, hyperglycemia and obesity. 

Various agents which effectively decrease the amount or 
activity of MTP can be used In practicing the methods of the 

25 present invention. MTP inhit}itors can be isolated using the 

screening methodology described hereinabove and in Example 5 
heroinbelow. Compounds such as A and B, which are Identified 
as ii'ihibitors of MTP (see Example 6 hereint>elow), are usefu! in 
spedfic embodiments of the foregoing methods of treatment. 

30 Ant'sense molecules may be used to reduce the amount of 

MTP. [fififl, Toulme and Hetone. Gene 51*6 {198d); inouye, 
lafina. Z2. 25-34 (1980); and Uhlmann and Peyman, Chnmleai 
Rftvlews 20, 543-584 (1990)]. MTP antisense molecules can be 
designed based on the foregoing genomic ONA and cONA, 
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corresponding 5* and 3' Hanking control regions, other flanking 
sequences, or Intron sequences. Such antlsense molecules 
include anilsensa oligodeoxyribonudeolldes, 
oligoritxjnudeolkJes, oligonucleotide anatogues, and Ihe like, 
and may comprise about 15 to 25 bases or more. Such antisense 
molecules may bind noncovalently or covaientiy to the ONA or 
RNA for the high molecular weight subunH of MTP. Such binding 
could, tor example, deave or fadttate cleavage of MTP DNA or 
RNA, increase degradatton of nuclear or cytoplasmic mRNA. or 
Inhibit transcription, translatton. binding of transacilvating factors, 
or pre-mRNA splidng or processing. All of these eHecls would 
decrease expression of MTP and thus make the antlsense 
molecules useful in the foregoing methods of treatment. 

Potential target sequences for an antisense approach 
indude but are not llmHed to the DNA or RNA sequence encoding 
MTP, Its 5' and 3' flanking control regions, other flanking 
sequences, and nondassic Watson and Crick base pairing 
sequences used in fomiatlon of triplex ONA. Antlsense molecules 
direaed against tandem sequences for the high molecular weight 
subunit of MTP may be advantageous. 

Antisense motocuies may also contain additional 
fundionalltles that Increase their stabinty, activlly, transport Into 
and out of cells, and the fiko. Such additional functionalities may. 
for example, bind or fadDtate binding to target molecules, or 
cleave or fadlitate deavage of target molecules. 

Vedors may be construded that dired the synthesis of 
antisense DNA or RNA. In this case, the length of the antisense 
molecule may be much longer; for example. 400 bp. 

Demonstration of relationship between MTP and serum 
cholesterol levels. TG levels, and atherosclerosis 

The methods of the present Invention for towering seaim 
cholesterol or TG tevels or prevenUng, stabilizing or causing 
regression of atherosclerosis are based in part on the discovery by 
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the Inventors that the genetic disease al)etalipoprotoinemia Is 
caused tiy a lack of functional MTP, The Inventors have 
demonstrated a gene defect In two abetallpoproteinemlc subjects 
by the following methods* 

5 

Assay for TG transfer activity In 
abetallpoproteinemlc eubjeoti 

A. MTP Assay 

TG transfer activity was measured as the protein-stimulated 

1 0 rate of TG transfer from donor SUV to acceptor SUV. To prepare 
donor and acceptor vesicles, the appropriate lipids in chloroform 
were mixed In a 16 x 125 mm tx)rosincate glass screw cap tutw 
(Rshor Scientific Co., Pittsburg. PA, Cat. no. 14-933-1 A) and then 
dried under a stream of nitrogen. Two mL 15/40 buffer (15 mM 

1 5 Tris, pH 7.4. 40 mM sodium chloride. 1 mM EDTA, and 0.02% 
NafJa ) were added to the dried lipids (or 100 mL per assay, which 
over is the least volume), a stream of nHrogen was blown over the 
buffer, then the cap was quickly screwed on to trap a nitrogen 
atmosphere over the lipid suspension. Lipids in the buffer wore 

20 bath*sonicated In a Special Ultrasonic Cleaner (Cat. no. 

G112SP1, Laboratoiy Supplies Co., HicKsville, NY). The donor 
and acceptor phosphatldylchoOne (PC) (egg L-alpha- 
phosphatidylcholine. Slgnui Chem. Co., St. Louis, MO) was 
radiolabeled bf odrflng traces of pH] dipalmitoyl- 

25 phosphatidylchollrte (phosphatidylcholine L-alpha-dipalmitoyI [2- 
palmitoyl-9.10, (N)], 33 Cl/mmol. OuPont NEN) to an 
approximate specific activity of 100 cpm/nmol. Donor vesicles 
containing 40 nmol egg PC, 0^ mol% [^^C]TG [mixture of lat)eled 
(triolein (cart)oxyl-i^C)-, about 100 mCl/mmol, DuPont NEN) and 

30 unlabeled (triolein, Sigma Chem. Co., St Louis, MO) triolein for a 
final specific activity of about 2(X),000 cpm/nmol], and 7.3 mol% 
cardlolipin (bovine heart cardlollpln. Sigma Chemical Co.) and 
acceptor vesicles containing 240 nmol egg PC and 0.2 mol% TG 
wore mixed with 5 mg fatty add free bovine serum albumin (BSA) 
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and an aliquot o* the MTP samples In 0.7 to 0.9 mL 15/40 buMer 
and incubated tor 1 hour at 37-C. The transfer reaction was 
terminated by the addition of 0.5 mL DEAE-cellutose suspension 
. (1 :1 suspension OE-52, preswollen DEAE-cellutose anion 
5 exchange, Fisher, Cat. no. 05720-5 to 15 mM Tris, pH 7.4. l mM 
EDTA. and 0.02% NaNa). The reaction mixture was agitated for 5 
minutes and the DEAE-cellulose with bound donor membranes 
(the donor membranes contained the negatively charged 
caidiollpin and bound to the OEAE) were sedimented by tow 

10 speed oentrifugatlon. 

The ^^-TG and *H-PC remaining In the supernatant were 
quantitated by scintillation counting. TG transfer was calculated by 
comparing the ratio of I4c-TG (transferred from the donor 
membranes to the acceptor membranes) to ^H-PC (a marker of 

1 5 acceptor vestolo recovery) present In the supernatant following a 
transfor mactlon to the ratio of total donor^^-TG to acceptor 
(ShJPC in tho assay before the transfer reaction. The porcentago 
of 14C-TG transfor was colculated as foltows: 



20 



Tn Tr.».rnr ^ i ''C'lg^H^PQ X 100% 



To calculate the MTP-stlmulated rate of TG transfor. the TG 
transfer naite In the absence of WTP was subtracted from the TG 
transfer rate In the presence of MTP. First order lunetics was uved 
25 to calculate total TG transfer. 

B. ftntihorty Pmduction 

Anti-88 KDa antibodies were obtained from the University of 
Cincinnati. The production of antl-88 kDa has been previously 
30 described. Wetterau cLaL iLBIflLCtaftOL 2fiS. 9800-7 (l 990). To 
help address the spedfidty of the antl-seia In human Intestinal 
homogenates, affinity purified antl-88 kDa was generated. Eight to 
10 mg of purified MTP was dlalyzed into 0.1 U MOPS, pH 7.5 and 
then added to 4 mL Bio Rad Affigel 15 (Bio-Rad. Richmond. CA) 
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which had been pro\%ashed 3 times with vvatar at 4'*C. The MTP 

was allowed to coupiA to the matrix eX room temperature for two 

hours and th^n it wus placed at 4*C overnight. The remaining 

reactive sites on the affiqel v^re blocked by the addition of 0.1 mL 
5 1 U ethanolamino. pH 8.0, per mL gel. Optical density 

moasuromenis of elutmf protein v.'ere performed according to the 

m.«)ni/facturer'$ instructions und Indicated that more than 90% of 

the f^i^ was coupled to the column. The column was washed 

with 50 mL 10 mM Tris, pH 7.5 followed by 50 mL 100 mM siycine, 
1 0 pH P..5. followed by 50 mL 1 0 mM Tds, pH 8.6, followed by 50 mL 

100 mM triethylamine. pH 1 1.5. and finally the column was 

reequilibrated in 10 mM Tris, pH 7.5, 

The antibodies in the antiserum were partially purified by 

ommonium sulfate precipitation (226 mg ammonium sulfate per 
1 5 mL seium). The pellet was resuspended and dialyzed Into 15 mM 

Tris. pH 7.5, 1 mM EDTA. 0.02% sodium azide, and 150 mM 

sodium chloride. The p^rtlaUy purified antibodies were slowly 

appUod to the MTP*aff igei column over a two-hour period (the 

an:ib«^dies were cycled through the column three times). The 
20 column was washed with 100 mL 10 mM Tris, pH 7.5. followed by 

100 mL 10 mM Tris. pH 7.5. 500 mM sodium cnlorid&, followed by 

50 mL 100 mM glycine, pH 2.5 (this fraction was collected into 5 

mL of 1 M Tris. pH 6.0), followed by 10 mM Tris. pH 6.8 until the 

column was at neutral pH, followed by 50 mL triethylamine pH 
25 1 1.5 (this fraction was collected into 5 mL 1 M Tris. pH 8.0). and 

finally the column was reequilibrated with 10 mM Tris. pH 7.5. 

Antibodies which oluted in the acidic wash were retained and 

used for Immunoblot analysis of protein fractions. 

30 C. Western Blot with antuaa kOa Antihodiag 

To confirm the specificity of the antibodies and to detect the 
88 kOa component of MTP in tissue hcmogenates. purified bovine 
MTP or the fraction to be tested were fractionated by SDS-PAGE 
(essentially as described by t^emmli, tlatUIE 22L 680-5 (1070)] 
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using a 0.75 mm Hoeffer Sciontific Instrument Gel Apparatus (San 
Francisco, CA). The protein was then transferred to nitrocellulose 
by Western blotting using a BioRad Trans-blot cell (E)io-Rad, 
Richmond, CA). The blotting buffer (25 mM Tris, 192 mM glycine, 
pH 8.3. 20% methanol) was precooled to 4»C. The proteins wore 
transferred for 100 minutes at 250 milllamperes at room 
temporature. The membranes were blocked 5-10 minutes with ■ 
blocking buffer (400 antlfoam, about 10 mg of thimersal, and 
200 g nonfat dry milk In 4 Rters 50 mM Tris, pH 7.7, 1 50 mM 
sodium chk)ride). An aliquot of the antiserum (1 :300 dilution) or 
affinity purified antibody (1 25 dilution of affinity-purified 
antibodies) was added and allowed to react overnight at room 
temperature. Following washing with btocklng buffer, the 
secondary antibody, goat anti-rabbit IgQ coupled to horseradish 
peroxidase (BloRad). was added at a dilution of 1 :2000 and 
aik>wed to read for 3 hours at room temperature. Following a 
washing step, the secondary antibody was visualized with 
devetoper, 50 mg imidlzale, 50 mg 3,3'diaminobenzldtne 
tetrahydrochtoride, and 50 \xL HgOa (30% solution) In 50 mL 
bk>ckjng buffer. 

D. MTP in lntpf:tlnnl Rlo.cp|it^ 

Intestinal biopsies from fasted control and disease state 
subjects were frozen and shipped to Bristol-Myers Squibb, 
Princeton on dry ice. Biopsies were homogenized with a poiytron 
(Polytron PT3000, Brinkmann Instnjment, Inc., Westbury. NY) at 
1/2 maximal seming. Typically, one biopsy was homogenized in 
0.25 mL homogenizatlon buffer (50 mM Tris. pH 7.4. 50 mM KGI. 5 
mM EDTA. 5 iig/mL leupeptin, and 2 mM PMSF). An aliquot of the 
protein was adjusted to 0.7 mL and 1 .4% SOS and the protein 
concentration was measured by the method of Lowry pt al , [j. Biol 
£tumu 265-75 (1951)]. The homogenate was diluted with 
homogenizatlon buffer to about 1 .75 mg proteln/mL. In som« 
cases, the protein was airaady more dilute and was used directly. 



2091102 

0C21a 

• 61 - 

To release the soluble proteins from the microsomal fraction, one 
part dooxycholate solution (0.56%, pH 7.5) was addectto 10 parts 
diluted homogenate with vortexing. The sample was Incubated at 
4*^ for 30 minutes, then centrifuged at 103,000 x g for 60 minutes. 
The supernatant was removed, diluted 1 :1 with 15/40 buffer, and 
then dialyzed overnight into 15/40 buffer. Aliquots of the treated 
biopsies were assayed for TO transfer activity and Western blot 
aruilysis was used to detect 88 kOa protein. TG transfer activity ' 
was expressed as the percentage of donor TG transferred per 
hour as a function of homogenized Intestinal biopsy protein. 

E. Results with AbetaliPQProteinBmie Stih|ttrtg 

To Investigate whether there Is a relationship between 
defective MTP and abetalipoprotelnemla, MTP activity In duodenal 
or duodenahjejunal biopsies was measured from five comrol 
sub|eds and fbur abetallpoprotelnemic subjects having (he classic 
genetically recessive form of abotalipoproteinemia. Intestinal 
biopsies from the Rve normal subjects were homogenized and 
treated with detergent as descnoed hereinabove. TG transfer 
activity was readily detectablo In biopsies from all five subjects 
(RguiB 2). 

The TG transfer activity in the biopsies was fuither 
characterized. To confirm that TG hydrolysis was not Interfering 
with lipid transler ectiirity measurements, one subject's acceptor 
vesicles (which contained the transported lipid) were extracted 
after the transfer r9actlon, and the Identity of the ^^C-TG was 
cdnfirTned by thin layer chromtibgraphy. All of the i^C-TQ had a 
mobility identical to that of authentic TG, confimiing that intact TG 
was being iransported in the assay. 

ITie human MTP was characterized for its heat stability. It 
was inactivated when heated to SO^'C for 5 minutes. The loss of 
activity demonstrates that the Kpid transfer activity being measured 
was not from an Intracellular form of the cholesteryl ester transfer 
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proteln (CETP), whic; heat-stable under these conditions. Ihm 

fiLaL. J, BiQl, Chem, 2SL 4aia-27 (i982). 

Intestinal biopsies from tour abetallpoproteinemic subjects . 
were obtained, homogenized, and T6 transfer activity was 
measured as desribed berein above. No transfer activity was 
recovered from the biopsies of any of the four subjects (Figure 3). 
The lack of detectable TG transfer activity could have been related 
to an inabiPty to release MTP from the microsomes of the 
abetaPpoprotelnemic biopsies by deoxycholate treatment. To test 
this possibility, the microsomes from one subject were sonicated in 
addition to being treated with detergent. Bath sonlcation 
independently releases TG transfer activity comparable to that of 
detergent treatment Even under these conditions, no TG transfer 
activity was detectable. 

The next possibility considered was that the lack of 
detectable TO transfer activity was related to the Inability to detect 
it in cells which contain large Intracellular fat droplets such as 
those which occur in abetallpoprotelnemla. To test this possibility, 
three controls were nin. Rrst, TG transfer activity was measured 
from a biopsy of a subject with chytomlcron retention disease. 
Subjects with chylomicron retention desease have a defect in the 
assembly or secretion of chytomlcrens and have targe fat droplets 
in their enterocytes. analogous to abetallpoproteinemic subjects. 
In addition. TG transfer activity was measured from a t>iopsy taken 
from an Indi^dual who was not fasted prior to the biopsy and from 
a homozygous hypobetalipoproteinemic subject. Both these 
subjects also had fat-filleo enterocytes. In all three cases. TG 
transfer activity comparable to that of the normal subjects was 
found (Figure 4), confirming that the presence of intracellular lipid 
droplets does not interfere with our ability to recover and detect TG 
transfer activity. 

To establish the biochemical defect responsible for the 
absence of transfer activity, the soluble proteins foltowing release 
of MTP from the microsomal fraction of the homogenized biopsy 
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were analyzed by Western blot analysis with antibodies raised 
against tlie 88 kDa component of bovine MTP. Whennonnal 
(Figure 5) or control (Rgure 6) subjects were examined with a 
polyclonal anti-88 kOa antibody, a band comparable to that of the 
68 KDa component of bovine MTP was observed. In addition, 
additional proteins of increased mobility also cross-reacted with 
this antibody. To confirm the kjentlty of the 88 kOa component of 
human MTP. the antibody was affinity-purified on an MTP affinity 
column. Following this treatment, only the protein of molecular 
weight comparable to that of the 88 kOa component of bovine MTP 
was immunoreactive (Ftgure 7). 

Western blot analysis of the soluble proteins following 
detergent treatment of the microsomes of all five nonmal subjects 
and three control subjects demonstrated the presence of the 88 
kOa component of MTP (Rgures 5 to 7). In contrast, no protein 
corresponding to the 88 kDa component of bovine MTP was 
apparent in the abetalipopmtelnemlc subjects (Rgure 6). In 
addition, a similar analysis was perfonmed with 100 pg protein 
from the whole Intestinal homogenates from two 
at>etallpoprotoinemic subjects. Again, no band corresponding to 
the 88 kOa component of MTP was apparent (Figure 8). As a 
control, immunoblot analysis with antl-PDI antibodies 
demonstrated the presence of POI in the latter two 
at>etalipoproteinemlc; sut>jects. These results demonstrate that the 
biochemical basis for the absence of MTP activity in the 
abetalipoprotoinemic subjects Is the marked deficiency or the 
absence of the 88 kDa component of MTP. 

Demonstration of a gene defect in an 
abetallpoprotelnemic subject 
AmpliflcatlQn of mRNA and DMA bv PHR 

Two intestinal biopsies were obtained from the duodenal 
mucosa of a 39-year«old abetafipoproteinemic patient. Previous 
analysis demonstrated that neither MTP activity nor the 88 kDa 
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component of MTP were detectable In Intestinal biopsies taken 
from this subject . Each biopsy weighed 5- 1 0 mg and was stored 
frozen at -TO'^C. To Isolate total RNA, one frozen biopsy was 
placed into a microfuge tube containing O.B mL of cold RNAzol B 
5 (CInnaBiotecx labs, Friendswood. Texas). The biopsy was 

homogenized Immediately by polytron (Brinkmannt Westbury, NV) 
for 6 strokes on setting 1 0. Chloroform (60 ^L) was added and the 
mixture Inverted gently 20 tinrtes. After a 5-minute incubation on 
ice. the mixture was centrifuged at 14,000 rpm In an Eppendoil 

1 0 microfuge 5415 (Brinkmann) for 15 minutes at 4*C. Total RNA was 
precipitated by adding 350 ^L isoprorvAnol to the supernatant. The 
yield from the biospy was 20 |ig of total RNA, or about 2 iig RNA 
per mg of tissue (0.2%). 

RNA (50 ng) was reverse transcribed Into first strand cONA 

15 using 2.5 random hexamer primers, 5 mM magneshim 

chtorlde, 1 mM each deoxynucleotlde triphoaphato (dNTP), 1 U/mL 
RNAsin. 2.5 U/^L Moloney Murine Leukemia Virus reverse 
transcriptase ((M*MLV-RT). and IX PGR reaction buffer (Perkin- 
Elmer-Cetus RNA^PCR kit No. NU06-0017). The 20 \iL reaction 

20 was Incubated at room temperature for 10 minutes to anneal the 
primers, and then at 42*C for 30 minutes to reverse transcribe the 
RNA. The reactton was terminated by heating to SS^'C for 5 
minutes and cooling to 5"C. The first strand cDNA was added to a 
100 PGR containing 0.15 forward and reverse primers, 2 

25 mM magnesium chloride, 0.2 mM each dNTP, and 2.5 U Taq 

polymerase In 1.25X PGR buffer. Amplification was conducted in a 
Perkin-Elmer QeneAmp PGR System 9600 model thermal cycler 
for 50 cycles consisting of 94"G for 30 seconds, 50"G for 30 
seconds, and 72''G lor 1 minute. The reaction was then incubated 

30 at 72''C for 7 minutes. The fonvard and reverse primers used to 
amplify the 5' regk)n of the RNA encoding the 68 kDa component 
of MTP are shown t>elow, 5* to 3*. 
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Forward 

Frim^rji 



15F 



SEQ, TP NO 



4IP 



578F 



900F 

Reverse 

Primi*r« 



15 40 

CCCACTGGATGCAGTTGAGGATTCCT 
41 67 

GGTCAATATCATTCTTCnX yC r G TCC 

578 602 
CCGGi&mCCCTACCACGCTCATCAAGACAAAG 
900 925 

ACCGCCATTCCCATTGTGGCGCAGGT 



9 

10 



11 



12 



67 8R 



e39R 



1029R 



15ddR 



2117R 



SEQ. Tn MQ, 



13 



14 



Sgqugncft 

678 653 
TGACACCCAAGACCTGATTTGGGGTC 
839 815 
GCCTGCTTCGGTTGTCTTCAGCTCT 

1029 1006 
CGCfilSaDaiTTCTGAavCCCTCAGCCTTCGA 15 
1588 1563 
CGGAG ATCATATCTCTGG AG AGCAGT 1 6 

2117 2097 
CGOCCiSAICCAGCATAGG AGTCAAGGTTCTC 1 7 

Shown below are the primer combinations used the PGR 
product length. 

Pr i mer Pil ix Produrr T.^nqrh fKni 

15F 4 678R 664 

15F ♦ 839R 825 

41F ♦ 1029R 998 

578F 4 1029R 470 

900F ♦ 1588R 689 

900F * 2117R 1228 

The primer sequences are based on the normal human 
cDNA encoding the 88 kOa component o1 MTP. All primers are 
written 5' to 3*. F refers to the fbnvard primer, and R to the reverse 
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primer. The urtderlining identifies restriction sites recognized by 
Eco Rl (phmer 578F) or Bam HI (primers 1029R and 21 1 7R), 
which were incorporated Into the 5* end of the primers. 

Sut^ect genomic ONA was isolated from a second frozen 
5 intostinal biopsy. The biopsy was placed Into a microtuge tube 
containing 400 ^L extraction buffer (10 mM Tris.CI. plH 8.0. 0.1 M 
EDTA. 0.5% SOS. 20 pg/mL RNAse I) and homogeriized 
immediately. Homogenlzatlon was by polytron for 5 strokes at 
sotting 10. Proteinase K was added to a final concentration of 100 

1 0 M0/nii and the reaction incubated at 50**C for 3 hours. The mixture 
was swiried periodically. 

After coofing the reaction to room temperature, 400 \iL Tris- 
saturated phenol/Chloroform (pH 8.0) was added. The tube was 
Invened gently for 5 minutes arxJ then centrifuged for 5 minutes at 

1 5 1 4.000 rpm at room temperature. 2 M sodium chloilde (35 \iL) and 
ethanot (0.7 ml) were added to the supernatant (350 ^L) to 
precipitate the ONA. The ONA was cen'„;hjged briefly, washed 
gently with 70% ethartol, dried briefly, and resuspended In 20 fiL 
of dolonized water (dHzO). The yield of ONA was 20 ^g, or about 2 

20 \%g ONA per mg tissue (0.2%). 

Genomic ONA (0.5 Mg) was heated to SS^'C for 5 minutes 
and added immediately to a 100 PGR reaction containing.0. 15 

fonvard and reverse primers, 2 mM magnesium chloride, 0.2 
mM each dNTP, and 2.5 U Taq polymerase in 1 .25X PGR buffer 

25 (Perkin-Elmer-Getus). Amplification ¥vas conducted in a Parkin- 
Elmer GoneAmp PGR System 9600 model thermal cycler for 3 
cycles consisting of 97''C for 30 seconds, SO^'C for 30 seconds, 
and 72^*0 for 1 miniite. An additional 32 cycles consisting of 94"G 
for 30 seconds, SO^'G for 30 seconds, and 72''C for 1 minute were 

30 njn. The reaction was then incubated at 72*'C for 7 minutes. 

Exon 2 01 the gene encodes bases 109-296 of the 88 kOa 
component of MTP RNA. The primers (SEO. 10. NOS. 18 and 19) 
used to amplify exon 2 of the gene encoding the 88 kOa 
component of MT? from subject genomic ONA are shown bok>w. 
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PT-im^r Pair 

CCCTTACAATGAAAACTGG 
GGTACACTTCTCCAAAAACTT 



18 
19 



10 



15 



20 



25 



Theso primers were designed based on the normal humari 
DNA sequence encoding the 88 kOa component of MTP. The 
primers are complementary to the Introns flanking the 108 bp exon 
2 so thai the entire exon is amplified in (he PGR reaction. The 
amplification product size, including the primers and flanking 
intronic regions, is 292 bp long. 

D. Sftqitflndng of PGR products 

The PGR products obtained from both RNA- and DNA-PGR 
were electrophorosed on a 1.4% agarose gel In TAE buffer (40 
mM Tris-acetate. 1 niM EDTA pH 8.0). The gel was stained for 5 
minutes In 0.5 mg/mL ethidium bromide In water, and destalned in 
water for 10 minutes. The ONA was visualized on an ultraviolet 
tight box. The bands containing the desired PGR product were 
excised with a razor blade, and the DNA was purified by the 
GeneCiean method (Bk) 101, La Jolla, OA). The ONA was eluted 
from the silica matrix In 20 of distilled water. Each PGR 
reaction yielded approximately 1 pg of the desired DNA fragment. 
A ponkin of the purified DNA was sequenced directly by Taq 
polymerase cycle sequencing on an Applied Biosystems, Inc., 373 
Automatic Sequencer, as described by Tracy and Mulcahy. 

Biolecbnlau^is. IL 68 (1991). 

The remaining DNA was prepared for cloning into a 
plasmid vector by producing bfunt-^nds with T4 DNA polymerase 
followed by phosphorylation wHh T4 polynucleotide kinase. DNA 
(500 ng) was added to a 50 pL reaction mixture containing 20 
each dNTP, 1 mM ATP. 4.5 units T4 DNA polymerase, 5 units T4 
polynucleotide kinase In 50 nr^MTris HCI pH 7.5, 10 mM 
magnesium chloride. 1 mM dilhlothrBitol, and 50 pg/mL BSA. 
Incubation was at 37"G for 1 hour The DNA was then purified from 
me reaction mixture by GeneCiean. The DNA was eluted in 1 0 pL 
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dHgO. Thoblunt^ndedDNAwasUgatedlnlopUCiecut 
previously with Sma I and depKosphorylated (Pharmoda). DhSo 
cells (100 ^L. Gibco-9RL) wore transformed according to the 
protocol supplied by the manufacturer. Plasmid DNA was 
5 amptiftod and Isolated by the alkaNne lysis procedure described in 
M Q l fiRd acCIflfliM (Sambrook. Fritsch, and Maniatls. eds.) Cold 
Spring Harbor Laboratory Press. 1.25-1.26 (1989). The plasmid 
clones W6re sequenced as described fn Example 1. 

10 BesuHs 

Direct sequence from three Independent RNA-PCR 
reactions revealed a deleted cytoslne at base 262 of the cDNA 
relative to the start site of translation In the abetallpoprotelnemic 
subject The one base deletion shifts the reading frame and leads 
15 to a stop codon (TGA) 21 bases downstream. Translation of the 
mutant RNA would teonlnate at amino add residue 78. Bolow is a 
comparison of the noimol and the abetallpoprotelnemic subject's 
ONA and deduced amino add sequences 
Bane 255 287 

20 AGC AAT CCT CAT CGT GAT CAT GAC CAG TTC ATC No/nal 

^ RNPDGDDD QLI 

Pase 25? 28^ 

ACG A*\T C-TG ATC GTG ATG ATC ACC AGT tCA TG AbeCa 
25 P N L M V M N T S STOP 

(SEO. ID, NOS. 20 to 23. respectively). 

Direct nequsnce analysis of 2 Independent PGR 
ampyficaticns of genomic DfM showed the deletion. This 
indicates that both alleles of the gone encoding the 88 kOa 
30 component of MT P in this subject exhibits the frameshift mutation. 
In addition, the ONA fragments were cloned Into pUC18 for 
sequencing. Eight plasmid clones also exhibit the deleted 
cytoslne further condnning the frameshift mutation on both alleles. 
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Demonstration of a gana dafael In a sacond 
abatallpoprotalnamic aub|«ct 

A. Methods 

Genomic ONA was isolated from blood from a second 
5 abetalipoprotelnemlQ subject using Qiagen (Chatsworth, Ca) kit 
no. 13343, following the manufacturer's protocol. Like the first 
subject, we have prevlousty demonstrated that neither MTP activity 
nor the 68 kDa component nf MTP oouW be detected In Intestinal 
biopsies from this subject Three hundred m of this genomic ONA 

1 0 was sent to Stratagene (La Jolla, CA) to be made Into a genomic 
DNA library in the lambda DASH'TM Vector(Stiatagene). In 
addition, a normal genomic Obrafy in the lambda DASH^ vector 
was purchased from Stratagene (catak)gue no. 943202). 

Two million Independent recombinant phage plaques from 

1 5 each library were screened for genomic DNA Inseits containing 
sequences homologous to bovine MTP cONA. The screening 
process was similar to that tor the cONA library screen in Example 
1 except that the E. cq« host strain was PLK 17. hybridization and 
wash temperatures were at 60^0, and the wash buffer was 1 X 

20 SSC. 0.1% SDS. The probe for the genomic library screen was 
the 2.4 kb Eoo Rl fragment from the bovine cDNA ctone no. 22. 
92p.|abeied exactly as In example 2. Putative positive clones 
(about 30 from each fibrary) were rescreened and remained 
positive through two additional rounds of hybridization analysis. 

25 Following the tertiary screen, single, isolated positive plaques 
were excised from the agar plates and deposited Into 1 mL of SM 
buffer with 50 pL chtoroform. Phage titer was amplified for each 
phage stock folbwing the 'Small-scale liquid cultures" protocol 
from Sambrook, fiLB|., succa. p 2.67. One hundred pL of the 

30 amplified stocks was mixed with 100 pL of prepared PLK 1 7 
plating cells and 100 pL of 10 mM magnesium chloride. 10 mM 
calcium chloride and Incubated at 37^C for 15 minutes. This 
mixture was then used to Inoculate 50 mL 2X NZY (Bethesda 
Research Laboratories) with 0.2% Casamino Adds (CAA, Fisher 
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Scientific no. DF0288-01-2) and grown overnight at 37**C. 
Lambda ONA was Isolated from the lysed cultures using the 
Qiagen kit no. 1 2543 using Qiagen buffers and protocol. 

Direct DNA sequencing of the genomic ONA inserts was 
5 performed as described in Example 1 using lambda DNA as 
template. Oligonucleotides of about 20 bases, complementary to 
human cDNA sequence, were used as primers for sequencing 
normal or abetalipoproleinemic genomic clones. Characterization 
and sequencing of abetaiipoprotelnemic and normal genomic 

1 0 clones were performed In parallel (see Example 9). Intron-exon 
boundaries were identified by comparing genomic and cDNA 
sequences. Sequencing primers were designed against Intron 
sequences S* and 3' to each exon and used to confirm intron/exon 
boundaries by resequenclng the tx>undar1es. In addition, the 

1 5 coding sequence of both ONA strands for each exon of at least 
one abetallpoproteinemla genomic clone was sequenced. DNA 
sequence analysis of exon 13 of the abetaiipoprotelnemic subject 
revealed a C-to-T point mutation at base 1 830 of the human 
cDNA. This base change introduces a stop codon at a site that 

20 normally encodes the amino add residue Argsgs. 

The nucleotide sequence around base 1830 encodes a 
Taq I endonucleaso restriction site (TCGA) In the normal DNA 
sequence but not in the abetaiipoprotelnemic subject's ONA 
sequence (TTG A). To confirm this nucleotide change and address 

25 homozygosity of this allele. Taq I digests were performed on 
genomic DNA from a nomial control, the abetaiipoprotelnemic 
subject and both parents of the abetaiipoprotelnemic subject. 
Genomic DNA was isolated from blood from a normal control, the 
abetaiipoprotelnemic subject and the abetalipoproteinemic 

30 subject's mother and father as described above. Ten pg of 

genomic DNA from each sample was digested with 100 unKs of 
Taq I (Bethesda Research Laboratories) In 100 pL 1 X REact 
buffer no. 2 (Bethesda Research Laboratories] at 65^ for 5 hours. 
Each digestion reaction was spun at 2.000 rpm in an Ultrafree-MC 
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10,000 NMWL fjlter unit (no. UFC3 TGC 00 from Millipore) with a 
molecuiar weight cut-off of 10.000, for 30 minutes to reduce the 
reaction volume to 50 jiL The restriction digest reactions were 
then subjected to agarose gel electrophoresis through a 1 % gel Ip 

5 TEA buffer at 20 volts fori 6 houre. The agarose gel was stained 
with Gthldlum bromide, photographed, and then transferred to a 
nitrocellulose mombrane by the method of Southern. E.M. 
Southern. JJdoLB'lflLafi. 503-17 (1975). 

The probe for the Southem hybridization was a PCR 

1 0 product containing axon 1 3 and some flanking Intron sequences 
(see SEQ. ID NO,24. below). The PCR was perfonmed using the 
GeneAmp Kit (PetWn-Elmer, Getus Industries) components and 
protocol with 0.3 ^g normal genomic ONA as template and 10 
ploomoies each of the forward and reverse primers In a 100 

1 5 reaction volume. The reaction mix was Incubated at 97«C for two 
minutes, then subjected to 30 cycles consisting of 94*0 for 30 
seconds. 45-C for 30 seconds, and 72*C for 1 minute, followed by 
one 7-minute incubation at 72*0 and storage at 4"C. The 
amplified DNA was subjected to electrophoresis through agarose 

20 as in example I and the expected T02 bp fragment was excised 
and eluted from the gel. This exon 1 3 PCR product was then 32p- 
labeled as in example 2 and used as a probe for the Southe.n 
hybridizalion. Hybridlratlon and wash conditions were as In 
example 2. The Wot was exposed to X-ray film at -80'»C for 5 days, 

25 

6. Bfifiults 

A human genomic library was generated from DNA Isolated 
from a second abetalipoproteinemic subject. Two million phage 
were probed with a bovine cDNA probe and thirty phage with 
30 human genomic ONA inserts homologous to the bovine MTP 
cDNA were characterized. 

ONA sequence analysis of the genomic DNA inserts from 
the abotalipoprolelnemic subject revealed a C-to-T point mutation 
at base 1830 In exon 13 of the human MTP gene (exon 13 
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oomosponds to bases 1817 to 1914 of the human cDNA). This C* 
to-T point mutation changes the normal CGA arglnlne ccdon at 
residue 595 to a TGA translatlonat stop signal, resulting In a 300 
amino add truncation of this protein. This nucleotide change was 
5 found on all four Independent genomic ONA Inserts characterized 
from this Individual. 

Shown below b the position of the C-to-T mutation In exon 
13 of an abetallpoprotehemic subject. The 302 base ONA 
sequence of the normrS exon 13 with flanking Intron sequence Is 

10 shown. ONA ooirespondlng to the forward (->) and roverse (<-) 
PGR primers used to make the probe for the Southern 
hybridization are lndk»ited above the appropriate arrows. 
Horizontal Rnes represent the Intnon/exon boundaries. The Taq I 
recognition sequence Is boxed. An asterisk (*) designates twse 

1 5 1 630, the sHe of the C-to-T mutatton. 
SEQ. ID. NO. 24. 
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UTTTCCCTTC CTCTTyiTC 


CRCTCRGGRT 


TTTTT7TTCC 


ARRTTTCRCT 


SO 


TCCCARRCflG 


TCnTTflCRRT 


GRRTCTGCRG 


CTTTTTTTTT 


CCTCRTRTCT 


100 


TGCRcbRflnn 


TTGTCCCrCG 


R 


STTCTGRRG 


CARRTCGTCG 


CTCACAATTA 


ISO 














TCnCCCTTTC 


TCCACGRGT6 


GRTCTTCTTC 


TGCCTACACT 


CGCTRCRTRG 


200 




CRCCARRRRC 


RCCTTCTCCr 


TCCATACCCC' 


ACRRCTTRGC 


250 


ATTCCTCCfIR 


CTCCTRTTRR 


RTTRCRGfTR 


TRGT^JPICR 


TCACCTA6TC 


300 


SSi 
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The nonmal nucleotide sequence surrounding the C at base 
1830 (TCGA) encodes a Taq I restriction stte. In this • 
atwtnllpopfotelnemic subject, the sequence at this site is mutated 
(TTGA). Therefore, Taq I should out exon 1 3 at this sHe in normai 
5 DNA. bU not in DNA which contains the mutation. There Is only 
one Taq I sHe In the nomnai exon 13. 

A Southern blot confirms this nucleotide change 
(Rgure 9). The genomic DNA isolated from a control subject, the 
abetalipoproteinemic subject, and the subject's mother and father 

1 0 was cut to completion with Taq 1 and probed with sequences from 
exon 1 3. The normal DNA is cut by Taq I Into two pieces which 
hybridize to exon 13; the abetailpoproteinemla DNA is not cut with 
Taq I, evidenced t>y only one hybridizing band. This result 
confirms tfie iacic of a Taq I recognition sequence. The DNA from 

15 both parents exhilrits a mixed pattern, demonstrating the presence 
of one normal allele and one mutated alielo. 

c. Analyala 

The foregoing results arKf the conclusions drawn from them 
20 can be summarized as follows. 

MTP activity and protein are undetectable in the 
abetalipoproteinemic subjects studied Mutations In the MTP gene 
fully explain the lack of protein and activity. Previous results 
demonstrate that abetaypoproteinemia Is a monogenetic disease 
25 Kane & Havel, supra . From these results, one can conclude that 
abetailpoproteinemla is caused by a toss of MTP activity. 

-These results demonstrate that MTP activity Is required for 
the efficient assembly and secretion of lipoprotein particles which 
contain apofipdproteln B. Loss of MTP acthdty results in lower 
30 serum levels of cholesterol, triglycerides, phospholipids, and 
cholesterol esters. One can thus conclude that a decrease in the 
amount of activity of MTP will result In lower serum lipid levels: 
Moreover, lower serum lipid levels are assodated with 
preventionp stabilization, or regression of atherosclerosis. As 
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dlscused above, loss of the amount or adMty ol MTP results In 
lower serum lipid levels. In addition, abetallpopfoteinemic 
subjects-lack atherosclerosis. Schaefer, auBO: DIsche and Porro. 
Am. J. Med.. 42. 568-71 (1970); and Sobrevilla aUL, Am. J. Mfld., 
5 SL 621 (1964). One can thus also conclude that Inhibition of MTP 
will result in the prevention, stabilization, or regression of 
atherosclerosis. 

The folbwing examples further illustrate the present 
invention. These examples are not Intended to limit the scope of 
1 0 the present Invention, and may provide further understanding of 
the invention. 
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Isolation and DNA Saquanea Analysis ofcDNA 
Clonas Encoding tha 88 kDa Componant of tha 
Bovlna MTP 

5 A commercially available bacteriophage lambda 

gtlO/bovine small Intestine cDNA library was purchased from 
Clontoch. 1X10^ Independent recomt)inant phage plaques were 
screened for the cDNA corresponding to the 88 kDa component ol 
bovine MTP. 

1 0 An EJcfil bacteria host, strain C800 (Clontech). was 

prepared for phage Infection by growing overnight to saturation at 

aO'^C In 50 mL of Luria Broth (LB - 10 g sodium chloride, 10 g 

Bacto-Tryptone and 5 g Yeast Extract per liter) supplemented with 

0.2% maltose and 10 mM magnesium sulfate. The cells were 
1 5 pelleted by low speed centrifugatton. resuspended in 20 mL of 10 

mM magnesium sulfate and stored at 4"C. Twenty allquots each of 

50.000 phage and 300 pL of the C600 cells were Incubated at 

37*C for 15 minutes, mixed with 7 mL LB 4 0.7% agarose and 

plated on 132 mm LB Plates. The plates were Incubated for 7-10 
20 hours at 37**C until distinct phage plaques appeared, then 

transferred to 4*C. 

Duplicate plaque transfers to nitrocellulose membranes 

were performed for each plate as follows. A nitrocellulose 

membrane (Schleicher & Schuell, Keene, NH) was placed directly 
25 on the phage for 1 minute (first transfer) or 3 minutes (second 

transfer). The phage ONA adhering to the membrane was then 

denatured for 1 minute In 0.5 H sodium hydroxide, 1.5 M sodium 

chloride, neutralized for 1 minute In 1 M Tris. pH 6.0. 1 .5 M sodium 

chtoride. and finally washed for 1 minute in 2 X SSC ( 1 X SSG « 
30 0.15 M sodium chloride, 0.01 5. M sodium citrate. pH 7.0). The 

DNA was then pemnanently fixed onto the nltrooelluk>se 

memt)rane by baking In an 80*0 vacuum oven for 2 hours. 
The Isolation of bovine MTP, Including the 88 kDa 

component, has been previously described. See. Wetterau and 
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ZlversmH. Cham. Phvs L inirt^ fft 205-72 (1985); Wetterau at al ■ 
J. BiQl. Chflm, 2Si, 9800-7 0 990). The sequences of internal 
peptides of the 88 kDa component were used to design 
oligonucleotides which would hybridize to cDNA that encodes the 
protein. SaSL Lathe, a, J. Mol Btot laa 1-12 (1985). 

The procedures descrttwd herein employed probes havtrig 
the following DNA sequences (listed 5' to 3'): 
e£Qbs SfiflufiOfifl sgQ in Kin 

2A CTCTACCAGCGAGTATTMT 25 

T C 6 G G 

37A ACGTAGGATGTCTTGGACAATGGAGAGCATGTA 26 

19A GATCAGTTGGTTATCATCACCATCAGGACT 27 

Probe 2A Is a mixture of thirty-two twenty base oligonucleotides, 
each encoding \hh amino add sequence of the peptide from which 
this probe was designed. Probe 37A Is a unique 33 base 
sequence and probe 19A is a unique thirty-mer. These 
oligonudeotide sequences encode amino add sequences that 
correspond to Intemai peptides. 

Oligonucleotides were obtained from commerdai sources 
as Indicated herein or synthesized on a Mllllgen/Blosearch 
(MtlliporB Corp., Bedfcrcl, MA) 8700 DNA Synthesizer using beta- 
cyanoethyl phosphoramldite chemistry. Sequendng primers were 
desalted on NAP-10 columns (Pharmada LKB Biotechnologies. 
Inc.. Piscataway. NJ) prior to use. Probes were purified on 
NENSORB Prep Resin (DuPont Company. NEN Research 
Products, Boston, MA). 

Probe 2A was purchased from Genosys Biotechnologies. 
Inc. (The Woodlands. Texas) and was labeled by incubating 1 ^g 
of the oligonucleotide In 50 mM Tris-CI, pH 7.5, 1 0 mM 
magnesium chloride, 5 mM dithiothreltol (DTT), 0. 1 mM 
ethytenediaminetetraacetate (EOTA), and 0.1 mM spermidine with 
10 units T4 polynucleollde kinase and 120 pCi of gamma labeled 
32P-ATP In a 50 mL reaction volume at 37*C for 30 minutes 
followed by heat Inacth^on of the Wnaee at 68*0 fbr 5 minutes. 
Unreacted ATP was removed utilizing a G-25 Sephadex spin 



2091102 

DC21a 

•77. 



column (Boehrfnger Mannheim Corp.. Indianapolis, IN) following 
the manufacturers Instnictions. The labeled oligonudeotide had 
a specific activity of approximately 2X10* dpm/^g. 

The nitrocellulose membranes were prehybridized for 2 
hours at 37''C InlSO mL of hybricfizatlon buffer (6 X SSC, 20 mM 
NaP04, 2 X Denhardts, 0.1% SDS, and 10O ^g/mL salmon sperm 

DNA) (Sfifl* Sambrooic fiLaL aUQCa. p. B15 for Denhardts). The 
hybridization buffer was replaced and the labeled oligonucleotide 
probe 2A was added and allowed to hybridize overnight at 37*'C. 
The membranes were washed In 1 liter of 2 X SSC, 0.1 % SOS at 
40^'C, air-dried, and exposed to Kodak XAR-5 X*ray film for 5 days 
at -60*C. with a Dupont Oghtening plus Intensifying screen 
(Dupont, NEN). 

Putative positive clones (40) were rescreened with the 
same probe through two subsequent rounds of hybridization. 
Agar plugs corresponding to positive signals on the X*ray films 
were excised from the original plates and placed In 1 mt SM ♦ 5% 
CHCI3 (SM m 5.6 g sodium chloride. 2.0 g magnesium sulfate, 50 
mL 1 M Tris-Cl pH 7.5. and 5 mL 2% gelatin per liter). The phage 
were replated by mixing 0.001 ^L of phage stock with 100 ^L 
C600 cells in 10 mM magnesium sulfate. Incubating at 37«C for 15 
minutes, adding 3 mL LB 4 0.7% agarose and plating onto 82 mm 
LB plates. After overnight Incubation at 37'C followed by 1 hour at 
4<'C. the phage plaques were transfenred to nitrocellulose, and 
reprbbed as above to labeled cligonucleotide probe 2A. 
Following the tertiary hybrtdization screen. 16 phage plaques 

were isolated. — — - 

The inserts of each of the 16 recombinant phage wore 
amplified by PGR using the oommerdally available lambda gtlO 
amplimers (Clontech) and the GeneAmp KH (Perkln-Eimer. Cetus 
Industries, Nonwalk, CT) folk)wing the manufacturer's protocols 
exactly. The amplified DNA was subjected to electrophoresis 
through 1 .2% agarose gels in Tris-EDTA-Acetate (TEA • 40 mM 
Tris-Acetate.-1mM E0TA) buffer, for 2-3 hours at 100 volts. The 
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agarose gols were then stained In ethidium bromide (ElBr). rinsed 
in water and photographed. The DNA was then transferred Irom 
the gel to a nHrocellulose membrane by the method of Southern. 
A Southern hybridization was performed using labeled 
5 ofigonudeotldo probe 2A In 50 mL hybrtdlMlton buffer (above) at 

40*C overnight then washing at 45'C,46*C and 61 «C. Two 
amplified inserts, corresponding to phage no. 64 and no. 76 

(Rgure 1), hybridized to probe 2A at In 2 XSSC. Lambda 
DNA of these 2 clones wnas prepared following the plate lysate 
1 0 procedire (Sambreok. sUL aUDfa, p. 2.1 18). One-tenth (5 mL of 
50ml ) of the phage DNA was digested with 20 units of the 
restriction enzyme Eoo Rl <New England Blolabs. Beverly, MA) in 
the manufacturer's buffer at 37»C for 2 hours and subjected to 
agarose gel electrophoresis. Upon EooRi cleavage of these 
1 5 phage, no. 64 yielded a 1 .0 kb insert fragment and the cDNA from 
phage no. 76 yielded two EcoRI pieces, of 0.9 kb and 0.4 kb. 
These bands wars excised from the gel. 

DNA was eluted from the agarose gel slices by first forcing 
the gel slices through a 2t gauge needle Into 3 mL of TioEiN 3(10 
20 mlA Trts-Ci pH 7.4. 1 mM EDTA pH 8.0 and 0.3 M sodium chloride) 
and freezing at -20«C overnight The samples were then thawed 
at 37»C for 30 minuies. centrifuged to pellet the agarose, diluted 
1 :i with water and passed through an Elu.TIp column ^Schleicher 
& Schuell) foHowIng the manufacture's protocol. The DNA 
25 samples were then ethanol precipitated, ethanol washed, and 
rosuspended to an approximate concentration of 0.05 pmoles/jiL. 

The plasmid vector bluescript SK+ (Stratagene) was 
prepared to receive the cONA Inserts by digestkwi with 20 units of 
the restriction endonuclease Eco Rl (New England Bioiabs) In the 
30 manufacturers buffer at 37»C lor 2 hours, foltowed by a 30 minute 
treatment with 1 unit of calf alkaHne phosphatase (Boehringer- 
Mannheim) whteh Is added directly to the Eco Rl reaction. This 
DNA was then eiectrophorssed through a 1.2% agaroso/TEA gel 
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at 100 votts for 2 hours. The flnaar ptasmid band was excised, 
ekitod and resuspended as above. 

cDNA insert fragments were Hgoted into the prepared 
btuescrlpt plasmid vector by mixing 0.05 pmole of vector with 0.10 
5 pmoles of cDNA insert In 50 mM Trls-CI pH 7.4, 10 mM 

magnesium chloride, 1 m^ DTT, 1 mM ATP, and 40 units T4 ONA 
ligase (New England Biolabs). The 10 reaction was Incubated 

at 15*C overnight. The ligation reaction was then mixed with 100 
IxL of transformation competent coil cells, strain OHSa 

1 0 (Bethesda Research l^aboratortes), and the plasmid DNA 

transformed into the E coll cells following the staruiard protocol of 
Sambrooi( ataL . auocftt P* 1*74, Transformed cells were plated on 
LB-agar plates containing 100 ^g/mL amplcillln and grown 

overnight at 37''C. 

1 5 Plasmid ONA was isolated from amplcillln resistant colonies 

following *he alkaflne lysis procedure of BIrnboln and Doly 
[Nudmlc Acids Res. 7. 1513-23 <1979)). The pudfled plasmid DNA 
was digested with Eco Rl as above, subjected to agarose gel 
electrophoresis and analyzed for the generation of the correct size 

20 Eco Rl cONA insert fragment. Cells from a unique colony positive 
for a cDNA Insert were used to Innoculate 100 mL of LB containing 
100>o/mL amplcillln and grown to saturation at 37*^0. Plasmid 
DNA was extracted using a Qiagen plasmid Isolation kit no. 
12143{Qiaoin, Inc., Chatsworth, CA) following the manufacturer's 

25 protocol. 

— Sequencing of cONA clones was performed with the 

Applied Biosystems. Inc. <ABI, Foster City, CA) 373 Automated 
ONA Sequencer utilizing either dye-labeled primers or dye- 
labeled dideoxynucleotldes. Cycle sequencing with dye-labeled 

30 primers was performed vi^th Taq Dye Primer Cycle Sequencing 
Kits (ABI part nos. 401 121 and 401 122). One pg of double- 
stranded DNA was used per reaction. Methods used for cycling 
and concentration of sequencing samples were as descr1t)ed In 
the Cyde Sequencing of ONA with Dye Primers manual (AOI part 
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no. 901482). AKemalively. cycJe sequencing with dye-labeled 
dideoxynucleotldes was performed using the Taq Dye-Deoxy~ 
Teimlnator Cyde Sequencing KK (ABI part no. 401 1 13). Typically, 
1 .25 ^g of template wHh 4 pmol of primer was used per reaction. 

5 The template arKi primer concentrations were varied as necessary 
to optimize sequencing reactions. CycRng of reactions was 
performed using a Per1dn«Elmer Cetus thermal cycler (model 
9810) as described In the Taq Dye Deoxy^ Tenmlnator Cyde 
Sequendng Protocol (ABI part no. 901497). 

1 0 Following the cycle reactions, Centrt-Sep~ spin columr>s 

(Princeton Separations. Adelphla, NJ) were used to remove 
excess dye terminators and primers. Spin column eluants were 
then predpltated and washed as described In the Taq Dye 
Oeoxy~ Terminator Cycle Sequendng Protocol (ABI part no. 

15 901 497). A 6% acrytamlde denaturing gel was prepared as 
descritwd In the ABI 373A DNA Sequendng System User's 
Manual. Just prior to ainnlng the gel, samples were resuspended 
in S pi- of deionlzed fonmamide/50 mM EDTA (pH 8.0) 5/1 (vA/). 
Samples were denalured at 90X for two minutos, cooled quickly 

20 on Ice, then loaded onto a pre-run gel (gel was prerun for 

approximately 15-20 minutes). The gel was run for 12 hours at the 
following settings: 2500 volts, 40 amps. 30 watts. 40'C. 
Sequence analysis was performed with ABI 373A DNA Analysis 
software (version 1.0.2). Rnal sequence was obtained using ABI 

25 DNA Sequence Editor software seqEd"* (version 1.0) ABI, Inc.. 

The entire 1036 bp Insert of clone no. 64 was sequenced. It 
encoded 936 bp of open reading frame continuing through the 3 
prime end of the insert (corresponding to a polypeptide with a 
molecular weight of at least 34,000). Comparison of the sequence 

30 of this clone to available sequence In nucleotide sequence data 
banks revealed that the first 91 bases at the 5' end of the clone 
corresponded to the bovine mitochondrial genome. Therefore, the 
1036 bp insert of ctone no. 64 resulted from the ligation of two 
independent cDNAs during the oonstniction of this library. 
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The 400 bp EcoRI fragment of done no. 76 was sequenced 
entirely indicating 81 bp of open reading frame followed by 298 
bases of 3 prime untranslated sequence and a poly A region. 

The lambda gtIO bovine small Intestine cONA library was 
5 rescreened with an oRgonuclectlde probe 37A, an exact 33 bp 
match to the 5' most peptide sequence encoded by clone no. 64. 
Two positive clones, no. 22 and no. 23 (Figure 1) were isolated 
through tertiary screens, subcloried and sequenced as for done 
no. 64. 

1 0 Clones no. 22 and 23 contained 2.8 kb and 1 .7 Icb cDNA 

inserts raspccdvoly. The 2.8 kb cONA insert of done no. 22 
predicted a continuous open reading frame of 835 amino adds 
between bases 2 and 2506 (corresponding to a 93.2 kOa 
polypeptide), lolkawod by 298 base of 3* untranslated sequences 

1 5 and a j^oly A region. 

The lambda gtIO library was rescreened with probe 19A. an 
exact match to the sequence of clono no. 22 corresponding to the 
5*-most peptide encoded by that ctone. and done no. 2 was 
isolated as at)cve. DNA sequence analysis of the 1 kb cDNA 

20 insert from done no. 2 Indicated It overlapped done no. 22 and 
extended the 5* end of the bovine cONA by 100 bases. A 
composite of the DNA sequences of clones no. 2 and no. 22 and 
the predicted translation produd is shown In SEO. 10. NOS. 1 and 
3, respectively. 

25 In summary, sequendng of bovine small intestine cDNA 

clones corref^pondlng to the 88 kDa componem of MTP yIeMed 
2900 bp of continuous sequence which encodes an open reading 
frame of 860 amino adds followed by a 298 bp 3' noncoding 
region and a poly A regksn. The predicted protein product of this 

30 composite sequence Is 96.1 kDa. 
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DNA Hybridization Analysis of Related Species 

Southern hybndizalion analysis was perlormed on ONAs 
from cow, human, mouse, hamster (Chlnese.hamster ovary or 
CHO ceHs), rat. and dog. 10 of each genomic DNA (Clontech) 
was digested with 140 units of Eoo Rl (Now England Blolabs) In 
100 mL 1 X Eco Rl buffer (New England Blolabs) at 37*C. 
overnight. Each digestion reaction was spun at 2,000 rpm In a 
Urtrafreo-MC 10.000 NMWL filler unit (no. UFC3 TGC 00 from 
Mlllipore) with a molecular weight cut-off of 10.000. for 30 minutes 
to reduce the reaction volume to 50 \iL. The restriction digest 
reactions were then sub)ected to agarose gel electrophoresis 
through a 0.75% gel In TEA buffer at 60 volts for 3 hours. The 
agarose got was stained with elNdlum bromide, photographed, 
and then transfened to a nitrocellulose membrane by the method 
of Southern. 

A Southern hybridization was perfonmed using the 2.4 kb 
Eco Rl fnagment from the bovine cONA clone no, 22 as a probe. 
Twenty-five ng of the DNA fragment was labeled using the 
Multiprime DNA Labelling System (Amersham Corp., Arlington 
Heights, IL) and 50 \lC\ of ^^P-a-dCTP. Unincorporated 32p was 
separated from the labeled probe using a Sephadex G2S spin 
column as above. The nitroooUulose membranes was 
prehybridized In 100 mL hybridization buffer (above) at 37«C for 2 
hours. The hybridization was performed overnight In 50 mL fresh 
hybridization buffer at 60"C with 1.2 X 10^ dpm denatured probe. 
The membrane was washed In 500 mL 1 X SSC, 0.1% SDS at 
65'*C for 1 hour, alr-dried. and then exposed to X-ray film at •eo^'C 
with an Intensifying screen for 4 days. The 2.4 kb Eco Rl fragment 
from bovine clone no. 22 spectfically hybridized to at least two 
DNA bands In every species tested. Therefore, It was concluded 
that the hybridization condKions established for the bovine cDNA 
probe alk)ws detection of homologous DNAs from other species, 
such as human, mouse, hamster, rat and dog. 
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IsolAtlon end DNA Sequence Anelysle of cONA 
Clones encoding the 88 kDe Component of Human 
5 MTP 

A. Cloning end Sequence Analysis 

To obtain the full coding sequence of the 88 KDa 
component of human MTP, a human Rver cONA library was 
screened with a bovine MTP cONA Insert described herein above. 

1 0 The library was obtained from Stratagene. It contained ollgo dT 
primed liver cONA directionally cloned (EcoRI to Xhol) Into the 
lambda ZAP vector. The probe was obtained by digestion of 10 pg 
of bovine Intestinal done r»o. 22 atx>ve In universal buffer 
(Stratagene) with 50 units of EcoRI, electrophoresis at 80*150 

1 5 voHs through a gel consisting of 0.9% low melting point agarose 
(Bethesda Research Laboratories, Gaithersburg, MD), TAE (40 
rrlA Tris acetate, 1 mM EDTA), and 0.5 \i^mL etNdium bromide. 
The resulting 2.4 Kb fmgment was purified by phenol extraction 
as described In Sambrook fit al^. susua. p. 8.30. The purified 

20 fragment was then radlolabelled with a multlprime DNA labelling 
kit and alpha ^^P dCTP (Amersham) to 10' cpm/pg using the 
manufacturer's Instructions. Unincorporated ^^P was separated 
from the labeled probe using a Sephadex Q«25 spin column as 
alx}ve. 

25 10^ plaques from the library were screened as follows 

according to the manufacturer's instructions (Stratagene). coti 
bacteria, strain XL 1 Blue (Stratagene), were grown with shaking 
overnight at 37X in 50 mL LB broth (Bethesda Research 
Laboratories) supplemented with 0.2% maltose and 10 mM 

30 magnesium sulfate. The cells were sedlmented by low speed 
centrifugation and then resuspended In 10 mM magnesium sulfate 
to an ODeoo- 0.5 and stored at 4*C. Phage were diluted to a 
concentration of 50,000 plaque fonnlng units/25 pL SM buffer. For 
each plate, 600 pL of baaeria, and 25 pL of phage were mixed 
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and ircubaled at 37**C for 15 minutes. Top agar (6.5 ml) 
consisting of NZY broth (Bathesda Resoarch Laboratories), 0.7% 
agarose (Bethesda Research Laboratories) preheated to 50"C, 
was added to the bacteria and phage mixture, and then plated 
5 onto a 150 mm NZY plate. The lop agar was allowed to solidify 
and the plates were incubated overnight at S/^C. 

The plates were then cooled to 4*C for 2 hours and the 
plaques were lifted onto nitrocellulose filters. Oupficate lifts were 
porfonmed In which the alignment ol the membranes relative to the 
1 0 plate were recorded by placing needle holes through the filter Into 
the agar plate. The filters were Incubated 1 minute In 0.5 N 
sodium hydroxide. 1.5 td sodium chloride, 1 minute in 1 M Tris, pH 
8.0. 3 M sodium chloride, and 1 minute In 2 x SSC. Filters were 
then baked at 80«C In a vacuum chamber for 2 hours. The filters 
1 5 were incubated for 2 hours at 60*C In 5 mL per filter of 

hybridization buffer (6 X SSC, 20 mM NaP04, 2 X Dondardts, 
0.1% SOS. and 100 pg/mL salmon spemi ONA). The buffer wa.s 
replaced with an equal volume of hybridization buffer containing 
the probe at a concentration of 3.5 x 10« cpm per filter and 
20 Incubated ovomight at 60X. The filters were washed In 1 X SSC. 
0.1% SOS first at room temperature and then at 50"C for 2 hours. 
Autoradiography revealed 56 positives. 

A small plug of agarose containing each posith^ was 
incubated overnight at 4«C with 1 mL of SM buffer and a drop of 
25 chloroform. The positive phage were purified by replating at a- low 
density (approximately 50 - 500 per 100 mm plate), screening and 
Isolating single posith^e plaques as described above. 

When XLl Blue cells are Infected with the ZAP vector 
(Stratagene) and coinfected with a helper phage, the bluescript 
30 part of the vector Is setectlveiy repficated. circularized and 
packaged Into a single stranded phagemM. This phagomid is 
converted to a double stranded plasmid upon subsequent 
infection Into naive XLl Blue cells. The cONA Insert of the 
resultant plasmid can be sequenced directly. Plasmids containing 
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the positive human liver cDNA Inserts were exdsed In this manner 
utilizing the helper phage provided by Stratagene according to the 
manufacturer's directions. 

ONA from these clones was purified as follows. A single 

5 colony was inoculated into 2 mL of LB and Incubated with shaking 
at 37*C overnight, 1.5 mL of this was centrffugod and 
resuspended In 50 \iL of LB. 300 »iL of TENS (1 X TE, OA ti 
sodium hydroxide. 0.5% SOS) was added and vortexed for 5 
seconds. 150 mL of 3 M sodium acetate. pH 5.2 was added and 

0 vortexed for 5 seconds. The samples were then spun In a 

microfugo for 10 minutes. The supernatant was recovered, 0.9 mL 
of ethanol was added and the samples were spun In a microfuge 
for 10 minutes. The pellet was washed in 70% ethanol. dried, and 
resuspended In 20 \xL of TE (10 mM Tris pM 7.4. 1 mM EDTA pH 

5 8). 

The DMA from the - ones was characterized as follows. 
Five pL of the ONA from each done were digested with 10 units 
Eco Rl. 10 unrts Xhol. and 10 ng HNAse. and then fractionated 
and visuaUzod by electrophoresis through a 1% agarose, TBE (45 
mM Tris-Borate. 1 mM EDTA), 0.5 ng/mL ethldium bromide gel. A 
Southern blot of the gel was perfomied as described In Sambrook 
aLaL. auQCa. p. 9.41 . This Southem blot was probed wrth a 
fragment of the bovine cONA near the 5' end of the coding 
sequence. This 5* probe was prepared by digesting 25 of 
bovine Inte.Mlnal clone no. 2 above with 50 units EcoRl and 50 
units of Nhel, Isolating as above the 376 base pair fragment from a 
- 2% low meltlng.polnt agarose. TBE, 0.5 ug/mL ethldium bromide 
gel, and radiolabelling as described above. The results are as 
follows: Clone no. 693, 3.7 kB Insert, hybridizes with the 5' probe: 
Ctene no. 754, 1.2 kB Insert, hybridizes with the 5* probe; Clone 
no. 681. 1.8 kB Insert, does not hybridize with the 5' probe. 

Overnight cultures containing these three clones wore 
grown in 200 mL of LB with 100 ng/mL ampldllin. Large amounts 
of-plasmid were purified using-a Olagen plasmid maxiprep kit 
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aooording to the manufacturer's instnidlons. The sequence of 
clone no. 693 reveals that it contained two Inserts. The 5* 500 bp 
Insert was homotogous to haptoglobin and will not be discussed 
further. This was followed by a mutant Xhol and an EooRI 
5 restriction site (the two sites used In the directional cloning). The 
3' Insert was the cDNA of interest It contained some S* 
untranslated sequence us Indicated by the stop oodons In all thn»e 
reading frames. At bases 48 • 2729 there Is an ATG-lnltiated open 
reading frame corresponding to 894 amino adds. The deduced 
1 0 amino acid sequence t>eglns 

MZLLAVLFLCFX 

(SEQ. ID. NO. 26). The stop codon Is found at bases 2730 - 2732 
followed by a 3* untranslated region of 435 bases and a poly A 
region. The sequence of clone no. 661 conflmied the 3' 1766 
1 5 bases of this clone, and clone no. 7i4 confirmed bases 1 through 
442. 

B. Tissue Localization of the 88 kDa mRNA 

A MultlTissue Northern Blot (Clontech) contained 2 \ig per 
20 lane of polyA*^ RNA from human heart, brain, placenta, lung, liver, 
siceletal muscle, iddney or pancreas. Northem hybridization was 
performed as for the genomic Southern blot. Prehybrldizatipn was 
in 50 mL hybridization buffer at S/^'C for 2 hours followed by an 
overnight hybridization in 20 mL fresh buffer at 60^C with 5.2 x 1 0^ 
25 dpm labeled 2.4 kb Eco Rl fragment from tho bovine intestinal 
clone no. 22 as above. The Northem blot was washed in 500 mL 
- . J).I.X SS.C,.0.1% SOS at 60«C, 1 hour and subjected to 

autoradiography at *60^C. After a 20 hour isxposure to X*ray film 
there is a predominant signal In the liver RNA lane at about 4.4 kb 
30 and no other detectable hybridization. Therefore, cross 

hybridization of the 2.4 kb fragment of the bovine cONA detects a 
human Dver RNA specifically. As liver and intestine are the only 
two tissues in which significant MTP activity has been reported, the 

cloning and-northem btot analysis support the biochemical 

35 Realization for MTP. Also, the resuHs of the northern analysis 
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extend this detection to include ONA.-RNA hybrids as well as 
DNA:DNA interactions. 

' Exampia 4 

Expresalon of MTP in Human FIbroblaat Call Line 
I. Methoda 

All standard molecular biology protocols were taken from 
Sambrook, 2ui2£a. except where indicated below. All restriction 
enzymes used In this example were obtained from Bethesda 
Research (.iboratories (BRL, Galthersburg. I^D). A 3.2 kb 
fragment extending from nucleotide -64 to 3135 (relative to the 
translation start site with A of the translatton start site ATO oodon 
designated ^^), was constructed from plasmids p754 (bases -64 to 
364) and p693 (bases 365 to 3135) as follows. A 448 bp EcoRI- 
Ncol restriction endonuclease fragment and a 2750 bp Ncol*Xhol 
restriction endonuclease fragment were excised from p754 and 
p693, respecUvely. Following gel purification, the fragments were 
ligated into EcoRI-Xhol cut plasmid pBluescript*SK to yield 
plasmid pBS/hMTP. The entire hMTP fragment was isolated from 
pBS/hMTP by restriction endonuclease digestion with HIndlll and 
Xhol and was subcloned Into plasmid pcDNA/Neo (lnvltrogen,San 
Diego, CA) to yiekf plasmid pcDNA/MTP. This places the full- 
length hMTP coding sequence under the transcriptional control of 
the highly active Cytomegatoviais promoter. 

Plasmids were transfected into 1506T fJ. Biof Chnm 2SL 
13229<36 (1992)] transformed human skin ribroblasts by the 
.Jipofectin reagent.(BRL). Xells were spRt Into 100 am dishes at a 
density of 25% of confluency, 24 hours prior to transfection. At the 
time of transfectlon, 50 mg of plasmkf per 100 mm plate were 
dissolved in 1.5 mL of serum-free Dulbecco's Modified Eagles 
Medium (DMEM) and added dropwise to a solution of 120 uL 
lipofectin reagent in 1 .5 mL of senim free DMEM. After a 1 5- 
minute Incubation at room temperature, the transfectlon mixtures 
- were-added to the 1508T-culturBS containing 7 mL of serum free ; 
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DMEM. Twenty four hours later, the tfansfection mixtures were 
removed and 10 mL of fresh DMEM containing 10% fetal bovine 
serum was added lor an additional 24 hours. Cells were scraped 
from the dish and washed twice with ice cold phosphate buffered 
5 saline (PBS). Cell extracts. MTP activity measurements and 
Western analyses were earned out as described In the foregoing 
•Assay for TG transfer activity in Abetaiipoproteinemic subjects- 
herein. 

0 II. Results 

The cONA containing the full coding sequence for MTP was 
subcioned into expressiori \«ector pcDNA/Neo. yielding construct 
pcDNA/MTP. This ptasmid was transiently expressed In 1508T 
translomted human skin fibroblasts fJ Biai rhiim gfiZ. 13220-38 
5 (1992)1 by Pposome mediated transf action. Forty-^lght hours after 
transfectlon, TQ transfer activity was readily detectable above 
background levels assayed In extracts from ceils transfected with 
the parent plasmid. pcDNA/Noo. Western btot analysis showed 
the presence of the the 88 kOa component of MTP in cells 
transfected with pcDNA/MTP but not In ceils transfected wwlth 
pcDNA/Neo. A comparison of the protein mass and aclivKy in the 
transfected cells to that fbund In HepG2 cells suggests that the 
expressed MTP was efticienily Incoporated into an active transfer 
protein complex with PDI. 

Example g 
Screen for Identifying Inhibitors of MTP 
In this screen, the rate of detectably labeled lipid (for 
example, NMR, ESR. radio or fluorescently labeled TG. CE. or PC) 
transfer from donor particles (e.g., donor mernbranes, vesk:les, or 
lipoproteins) to acceptor particles (e.g., acceptor membranes, 
vesicles, or lipoproteins) in the presence of MTP is measurad. A 
decrease in the obson^ed transfer rate in the presence of an 

' coirtalned In a natural products extract or 
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known compounds) may be used as an assay to Identify and 
isolate inhibflors of MTP function. A variety of assays could be 
used for this purpose, for example, the synthetic vesicle assays 
previously published by Wetterau A ZHversmH, J. Biol Cham, 25a. 
5 1 0863^ (1 984) or Wetterau et J Bloi Hhom 2fiS. 9800-7 
(1 990} or the assay outlined hereinabove In the 'Assay for TG 
transfer activity In Abetalipoprotelnemlc subjects." An example of 
one such assay is as follows. 

A. Substrate Preparation 
0 In a typical screen using labeled lipoproteins, labeling of 

lipoproteins with pH]-TG Is accomplished by the lipid dispersion 
procedure described by Morton and Zllversmit IMorton, R.E. eLal. 
J. BIqI. Chem. 256. 1992-5 (1981)] using commercially available 
materials. In this preparation. 375 |iCI of plH] triolein (Triolein. 
5 [9.10-3H (N}J-, IMEN Research Products, cat. no. NET-431), 1.5 mg 
ol egg phosphatidylcholine and 160 iig of unlabeled triolein in 
chloroform are mixed and evaporated under a stream of nitrogen 
to complete dryness. Two ml of 50 mM Tris-HCI, 0.01% 
Na2 EDTA, 1 mM dithiothreitol. pH 7.4, Is added and the tube 
3 flushed with nitrogen. The lipids are resuspended by vortexing 
and the suspension Is then sonicated for two 20-mlnutes intervals 
in a bath sonicator. The sonicated lipids are added to 75 ml 
rabbit plasma (Pel-Freez Biologlcals, Rogers, AR) with 5.8 mL of 
8.2 mM diethyl o-nHrophenyl phophate (Sigma, Cat. No. D9286) 
and 0.5 mL of 0.4 M NaaEDTA, 4% NaNs. The plasma Is then 
. _ incubated under nitrogen Jor 16-24 hours at 37*C. Low density 
lipopTOtelns (LOL) and high density lipoproteins (HDL) are 
isolated from the incubation mixture and from control plasma 
which was not labeled by sequential ultracentrifugation 

(Schumaker & Puppion, Methods Pnyymnlngy ^ pfl 155-170 

(1986)]. Isolated lipoproteins are dialyzed at 4«C against 0;9% 
sodium chloride, 0.01% NajEDTA, and 0.02% NaNa and stored at 

-.^?C . 
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B. Transfer Assay 

In a typical 150 assay, transfor activity Is dotermlned by 
measuring the transfer of racfiolatwied TG from (^H]-HDL (5 uQ 
cholesterol) donor particles to LDL (SO ng cholesterol) acceptor 

S particles at 37<*C for three hours in 15 n^Trfs.pH 7.4. 125 mU 
MOPS, 30 mM Na acetate. 160 mM NaCI, 2.5 mH Naz EDTA, 
0.02% NaNa, 0.5% BSA wtth about 50*200 ng purified MTP in the 
wen of a 96-well plate. The material to be tested (e.g., natural 
product extracts in an assay compatible solvent such as ethanoi. 
0 methanol or (typically. 5 ^ of material in 1 0% OMSO is 
added) can be screened by addition to a welt prior to Incubation. 
The transfer Is terminated with the addition of 10 of freshly 
prepared. 4''C heparirVMnCl2 solution (1.0 g heoarin. Sigma Cat. 
No. H3393 187 U/mg, to 13.9 mL, 1.5 M MnCla. 0.4% heparin 
(167 t.U.)/0.1 U MnCIa) to predpltote the 3H*TC-LDL acceptor 
particles and the plate centrlfuged at 800 x g. An aliquot ot the 
supernatant from each well containing the pH]*TG-HOL donor 
particles is transferred to sdntlOatlon cocktail and the radioactivity 
quantltated. The enzyme activity is based on the percentage of TG 
transfor and Is calculated by the followliig equation: 

Tz (3HJ.TG recovery MTP) 

Enzyme activity • 1 - .1 — i LL_ ' x 100% 

^ I3HJ-TQ recovery (- MTP) 

In such an assay, the percent TG transfer will Increase with 
increasing MTP concentration. An Inhibitor candidate %vill 
decrease the percent TG transfer. A similar assay could be 
perionned with labeled CE or PC. 



Eiamplo B 

Identmcallon and Demonstration of the Activity ot 
MTP Intilbltors 
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L Methods 

A. Identification ol MTP Inhibitors 

Using the method outlined In Example 5, MTP Inhibitor 
compounds A and 6 were Identllled. The assay measured the 
5 bovine MTP-catalyzed rate of transport of radiolabeled TQ from 
donor HDL to acceptor LDL In tNs method, an Inhibitor 
decreases the rate of radiolabeled TG transfer. 

The MTP-lnhlbHIng adivlty of these compounds was 
confirmed in an Independent assay following the procedures 
1 0 outlined In the foregoing 'Assay for TQ transfer activity In 

abetaUpoprotelnemIc subjects.* That assay measured the bovine 
MTP-catalyzed transport of radiolabeled TG from donor to 
acceptor SUV. 

B. Cell culture 

1 5 The human hepatoblastoma cell line, HepG2» was obtained 

from the American Type Culture Collection (Rockvllle. MD; ATCC 
accession no. 8065). Cultures were maintained at 37"C In a 5% 
carbon dioxide atmosphere In T*75 culture flasks with 12 mL of 
RPMl 1640 medium containing 10% fetal bovine serum (all cell 

20 culture media and buffers were obtained from GIBCO Life 
Technologies, Galthersfc3urg. MD). Cells were subcuKured 1:4 
once a week and led fresh medium' 3 times a week. 

Experiments to measure the effects of compounds A and B 
on protein secretion were canied out In 48*wetl plates. HepG2 

25 ceils were subcultured 1 :2 and altowed to come to confluency at 
least 24 hours t>efore drug treatment. Before commencement of 
drug treatmem, cultuie mixlium was rerhoved, the cells washed 
once with PBS qnd 1 mL of fresh medium was added 
quantitatively. Compound A was added to duplicate wells In 10 ^L 

30 of dimethylsulfoxkfe (DM50) to yieki varying compound 

concentrations. DMSO ak>ne (10 |iL) was used as the negative 
control. (Note: DMSO at this conoentralion has negligible effect on 
HepG2 cells.) After a 16-hour incubation under standard cell 
culture conditions, the plates vrare oentrifuged at 2»500 rpm for 5 
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minutes at 4^*0 to sediment any kxise cells. The media were 
diluted with cell culture medium 1 0 times for the apolipoprotein B 
(apoS) and human senim.albumln (HSA) assays, and 20 times for 
the apolipoprotein Al (apoAl) assays. The cells were washed 
5 twioe with cold PBS, and 0.5 mL of homogenlzatlon buffer was 
then added (0.1 M sodium phosphate. pH 8.0; 0.1% Triton X-100). 
The cells were homogenized by trtturation with a 1 mL 
micropipettor, and protein was measured using the Coomassie 
reagent (Pierce Chemical Co. Rockford, IL) as described by the 

10 manufacturer. 

C. EUSA assays for ApoB end ApoAl and HSA 
The EUSA assays to measure protein mass were of the 
'sandwich* design. MicrotHer plates were coated wKh a 
monoclonal antibody (primary antibody), specific for the protein of 

1 5 interest (Biodesigns International, Kennebunkport, ME), followed 
by the antigen or sample, a polyclonal antibody (secondary 
antibody) directed to the protein of Intersst (Biodesigns 
Jntemaiional), and a thiol antibody conjugated to alkaline 
phosphatase directed to the secondary antitx dy (Sigma 

20 Biochemical, St.Louis, MO). The 96-well microtiter plates (Coming 
no. 25601) were coated overnight at room temperature with 100 
mU ot diluted monoctonal antibody (final concentrations were 1 
pg/mL. 2 Mg/mL and 4 pig/mL for antl* apoB. apoAl and HSA, 
rospectlvely. in 0.1 M sodium cart>onale-8odium blcart>onate, pH 
. 25 9.6 and 0.2 mg/mL sodium azide). Coating was carried out 

overnight at room temperature. After coating and between each 
subsequent incubation step, the plates were washed five times 
with 0.9% sodium chloride with 0.05% Tween 20. Duplicate 
aiiquots (100 ^L) of diluted culture media or standard (purified 

30 apoB, apoAl or HSA diluted to 0.3125-320 ng/mL with cell culture 
medium) were added to wells coated with monoclonal antit)ody. 
Followtng Incubation tor 1.5 hours at room temperature, the 
antigen or sample was removed and the wells washed. The 
secondafy antibodies were diluted 1 :5<X) In PBS •«> 0.05% Tween 
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20 (Buffer III), then 100 |iL was added to each well and incuteted 
for 1 hour at room temperature. The antibody was rerfioved and 
the wells were washed. All secondary antibodies were polyclonal 
antlsera raised In goat against thd human proteins. A rabbit anti- 
goat IgG. conjugated to alkaline phosphatase, was diluted 1:1000 
with Buffer 111 and 100 was added to each wen. Following 
incubation for 1 hour at room temperature, the antibody was 
removed and wells washed eight times. The substrate p- 
nitrophenylphosphate (Sigma Biochemical, St. Louis. MO) was 
added at 1 mg/mL in 0.05 M NaCartonate-NaBlcaibonate. pH 9.8 
^ 1 mM magnesium chloride. Foltowtng a 45-minute reaction at 
room temperature, the assay was stopped and the color stabilized 
with the addition of 100 \iL of 0.1 M Trie, pH 8.0 ♦ 0.1 M EOTA. 
The mlcrotiter plates were read at 405 nm In a V-Klax 96-we(l plate 
reader (Molecular Devices, Menio Park, CA). 

After subtraction of background, the starniards were plotted 
on a seml-k>g graph and togartthmtc regresston was performed. 
The equation for the curve was used to calculate the concentration 
of apoB. apoAl and HSA. The protein concentration was 
normalized to total cell protein yielding concentrations with units of 
ng/ml/mg cell protein. Each drug treatment was performed In 
duplicate and the results were averaged. The apoB, apoAI« and 
HSA concentrations for each drug treatment were dhdded by the 
corresponding protein concontratlon in the DMSO oontroL The 
results were plotted as a percentage of control versus the doig 
'Concentration. 

D. Lipid analysis 

HepG2 cells were subcultured Into 6-well dishes and 
altowed to come to confluency at least 24 hours before drug 
treatment. Prior to addition of the drug, culture mecfla were 
removed, cells washed once with PBS, and 1 mL of fresh medium 
(RPMl 1640 ^ 10% FBS) was added quatitatively. Compound A 
was added to duplicate wells In 10 uL of DMSO to yield varying 
compound concentrations. DMSO atone (10 mL) was used as the 
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negative control. After a 16-hour incubation under standard cofl 
cuHure conditions, the media wore removed and 1 mL of labeling 
medium (RPM1 1640; 16.5 mg/mL fatty add free BSA; 1 mM 
sodium oleate; 1 mM glycerol; 5 MCi/mL 3H-glycerol (Amersham. 
Arlington Heights, IL. Catalog no. TRA.244} was added with a 
second addition of compound A. The cultures were incubated for 
2 hours under standard colt culture conditions. Media (1 ml) were 
removed to 15-mL glass tubes and immediately dituted with 2 mL 
of ice cold methanol and 1 mL of dH20. Cells were washed once 
with PBS and were processed for total protein measurements as 
descr1k)ed In section l-B. 

Total lipids were extracted from the media and analyzed as 
follows. After addition of 5.0 mL of chloroform and 0.2 mt of 2% 
acetic add, the tubes were vortexed for 1 minute and centrifuged 
at 2,000 rpm for 5 minutes to separate the aqueous and organic 
phases. The upper aqueous phase was removed and 3.6 mL of 
methanol:vmter (t:1} containing 0.1% acetic add added. After 
briefly vonexing, the tubes were oentrffuged as before and the 
aqueous phase again removed. The organic phase was 
quatitatlvely transferred to clean 15-mL glass tubes and the 
solvent evaporated under nitrogen. Dried lipids were dissolved in 
0.1 mL of chloroform and 30 \iL of each sample were spotted onto 
silica gel 60A, 19 channel thin layer chromatography plates 
(Whatman). 5-10 ^g of TG In 10 ^L of chloroform were added as 
earner and the plates were developed In hexane:diisopropyl ether: 
acetic add (130:70:4, V/V). After drying. Hpld was stained by 
exposing the plates to Iodine. Bands corresponding to TG were 
scraped into sdntillation vials. 0.5 mL of dH20 and 1 0 mL of 
EcoLlte (ICN Biomedical) sdnttllatlon fluid were added and the 
samples vortexed vigorously. Raw data was nonmalizod to cell 
protein and expressed as percent of DMSO control. 
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II. R«sull» 

A. Idontlficaflon of MTP Inhibitors 

The primary screen suggested that compojnd A inhibited 
the MTP-catalyzod transport of ^H-TG from HDL to LOL. The 
5 ability ol compound A to inhibit MTP-catalyzed lipid transport was 
confirme j in a second assay which measures the MTP-catalyzed 
Iranspo t of ^H-TG from donor SUV to acceptor SUV. Tho ICso for 
compound A is about t vJtd pigure 10). 

B. Inhibition of fipoB and TG secretion 

1 0 Compound A was administered to HepG2 cells in a twofold 

dilution series ranc>ing from 0.156 to 20 ^M- After a 16-hour 
incubation under standard coll culture conditions, aliquots of the 
conditioned media were assayed by ELISA for apoB, apoAl and 
HSA. ApoB secretion was Inhibited in a dose-responsive manner 

15 with an IC50 of 5 ^\SA (Figure 11). The secretion cf apoAl and HSA 
was unaffected up to the maximum dose of 20 mM confirming that 
the Inhibition was specific for apoB Those data Indicate (hat 
addition of an MTP inhibitor to a human Kver cell line inhibits the 
secnetion of lipoproteins which contain apoB. 

20 HnpG2 t>:Ms were treated with doses of aimpound A 

ranging from 1.25 |iM * 20 pM under conditions identical to those 
utilized for the apoB, apoAl and HSA secretion experiment. The 
intracellular pool of TG was radiolabelled for two hours with 3H- 
giycerol in the presence of vehicle or varying doses of compound 

25 A. The accumulation of radiolabelled TG In the medium was 
measured by quantitative extraction, followed by thin layer 
chromatography analysis and normalization to total cell proiein. 
OMSO alone was used as a control. TG secretion was inhibited 
by compound A in a dose-dependent manner. The ICso was 

30 obsen^ed to bo about 2.0 ^Mi which is similar to the.lCso for 
inhit>ition of apoB secretion (Figure 12). The data confirm that 
compound A Inhibits the secretion of TG-rich lipoproteins that 
contain apoB. 
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TKe foregoing procedures were repeated with compound B. 
Compound B inhibits MTP-catalyzed ^H-TG transport from donor 
SUV to acceptor SUV. The IC50 is about 4 to 6 mM (Figure 1 3). 
The secretion of lipoproteins that contain apoB Is also inhibited in 
5 HepG2 cells by compour«d B (Rgure 1 4). 

Example 7 

Inhibition of MTP-catalyzed CE and PC Transport 
L Methods 

1 0 To measure the effect of compound A on tx)vine MTP- 

catalyzed transport of CE or PC between membranes, the lipid 
transfer assay which measures TG transfer t>etween SUV was 
modified. The composition of the donor vesicles was the same, 
except 0.25 mof% ^^-CE or ^^C-PC replaced the labeled TG. 

1 5 The composition of the acceptor vesicles were the same, except 
labeled PC and unlabeled TG were not included. Following 
preo'pitatlon of donor vesicles, the percentage of Ppid transfer was 
calculated by comparing the ^^-CE or -PC In the acceptor 
vesicles In the supematant following a transfer reaction to the total 

20 ^^C-CE or -PC In the assay. The labeled lipid in the supematant 
in the absence of MTP was subtracted from the labeled lipid in the 
presence MTP to calculate the MTP-catalyzed lipid transfer from 
donor SUV to acceptor SUV. The remainder ol the assay was 
essentially as descrit)ed previously. 

25 II. Results 

The ability of compound A lo inhibit the MTP-catalyzed 
transport ol radiolabeled CE and PC between membranes was 
also investigated. Compound A inhibited CE transfer in a manner 
comparable to its Inhibition of TG transfer. Compound A inhil^ited 

30 PC transfer, but it was less effective at inhibiting PC transfer than 
CE and TG transfer. Approximately 40% of the PC transfer was 
inhibited at concentrations of InhltiHor which decreased TG and 
CE transfer more than 80%. 
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Cloning of bovino MTP - 5' ond 

A bovino small intestinal cDNA library, packaged in lambda 
gtlO. was obtained from Clontech (fBLIOlOA). The library was 
5 diluted in SM to contain 50.000 phaea/100 |iL (a 1 : 100,000 
dilution). The diluted phage (100 ^L) wero mixed with 300 
E.Coli C600 oells (Clontech) and incubated for 15 minutes at 
37*C. After adding 7 mL of top agarose, the mixture was poured 
onto a 150 mm plate containing 75 mL of LB agaiose. A total of 25 
10 plates, each containing approximately 5 X 10^ phage, were 

prepared in this manner. The plates were Incubated overnight at 
37«C. 

To Isolate phage ON A. 10 mL SM (no gelatin) was added to 
each plate. The plates were then rocked gently at room 

1 5 temperature for 2 hours. The eluted phage (approximately B 
mL/plate) wens collected and pooled. g-Coll cells were 
sedlmented by oentrlfugation for 10 minutes at 12.000 X g. 

Lambda DfiA wiis isolated from the supematant using the 
QtAQEN tlp-100 (midi) preparatton according to the protocol 

20 supplied by the manufacturer. The purified ONA was resuspended 
in a total of 200 mL TE (10 mM TrIs.CI pH 6.0. 1 mM EDTA). 

1 pg lambda phage DNA (approximately 3X10^ 
molecules) was added to a 100 ]xL PCR reaction containing 2 m^l 
magnesium chloride, 0.2 mM rach deoxynucleotlde triphosphate. 

25 1 .25X buffer, and 2.5 units Taq polymerase (Perkin^Elmer Cetus. 
kit #N801«O555}. The concentration of each primer was 0.15 mM- 

The sequence of the forward primer <SEO. ID. NO. 29) was as 

follows: 

41 66 

30 GGTCAATMfiATTCTTCTTGCTGTGC . 

The fomvard primer's sequence was based on the human cONA 
sequence encoding bases 41 to 66 of the 68 kDa component of 
MTP. The reverse primer (SEQ. 10. NO. 30) had the following 
sequence: 
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658 636 (bovine) 

807 785 (human) 

GCCTCGATACTATTTTGCCTGCT 

5 The reverse primer's sequence was based on the known bovine 
cONA sequence encoding the 68 kOa component of MTP and 
hybridizes from base 656 to 636 of the bovine cDNA, which 
correspond to bases 807-765 of the human cONA. 

PCR-amplification was conducted ir a PetUiO'ElmBf 

1 0 thenmal cyder, model 9600. After a two-minute incubation at 

97^C, the reaction was cycled at 94''C for 30 seconds. 50X for 30 
seconds, and 72% lor one minute for 35 cycles. A final IncutMtlon 
at 72X for 7 minutes was pertormed. 

The PGR product was eledrophcresed on a 1% agarose 

1 5 gel in TAE buffer as descrttwd previously. The yiekS of the desired 
766 base pair fragment was approximately 2 ^g. The ONA was 
excised from the gel, purified using GeneClean (BtolOl La Jolla. 
CA), blunt-ended, cfoned Into pUC 18-Sma1 (Pharmacia), and 
sequenced as described previously. 

20 The new sequence otrtalned from the t>ovlne cONA 

encoding the 5' region of the 68 kOa component of MTP is shown 
in SEQ. 10. NO. 5. The sequence adds 83 bases to the 5* end of 
the bovine cONA reported previously. 

25 Example 9 

Sequencing of human genomic ONA for the 88 
kOa component-of-MTP— • 

Sequencing of human genomic ONA was carried out by 
the procedures described In 'Demonstration of a gene defect in a 
30 second abetaripoproteinemic subject* and in Example 1 . The 

result of this procedure Is the human genomic sequence SEQ. ID. 
NO. 6. 
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What la Cf liiMid la; 

1 . An Isolated nucleic add nnolecule comprising a 
nucleic acid sequence coding for ail or part of the high molecular 
5 weight subunit of microsomal triglyceride transfer protein, wherein 
the nucleic add soquence coding for part of the high molecular 
weight subunit of microsomal triglyceride transfer protein is at least 
about 15 sequential nudeotides in length. 

1 0 2. The nucleic acid molecule according to Claim 1 which 

is a ONA molecule and wherein the nucleic add sequence is a 
DNA sequence. 

3. The . DNA molecule according to Claim 2 wherein the 
15 ONA sequence has the nuclectlde sequenc9 shown In SEQ. 10. 
NOS. 1.2.5. 7. 0. 1 together with 5. 2 together with 7. the first 1 08 
bases of 2 together with 8, or the first 108 bases of 2 together with 
7 and 6. 

20 4. The ONA molecule according to Claim 2 wherein the 

DNA sequence has pait of the nucleotide sequence shown In 
SEQ. ID. NOS. 1 . 2. 5. 7. 6. 1 together with 5. 2 together v^th 7. the 
first 108 bases of 2 together with 8, or the first 108 bases of 2 
together with 7 and 8. wherein the ONA sequence coding for part 

25 of the high molecular weight subunit of microsomal triglyceride, 
transfer protein is at least about 15 sequential nudeotides in 
length. — 

5. A DNA molecule having a DNA sequence which Is 
30 complementary to the DNA sequence acooratng to Claim 2. 

6. A ONA molecule having a DNA sequence which is 
complementary to the DNA sequence according to Claim 3. 
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7. A DNA molecule having a DNA sequence which is 
complementary to the DNA sequence according to Claim 4. 

8. An expression vector oomprtsing a DNA sequence 
coding for all or part ol the high molecular weight subunit of 
microsomal triglyceride transfer protein, wherein the ONA 
sequence coding for part of the high molecular weight subunit of 
microsomal triglyceride transfer protein Is at least about 15 
sequential nucleotides in length. 

9. The expression vector according to Claim 6 wherein 
the DNA sequence coding tor all or part of the Ngh molecular 
weight subunit of microsomal triglyceride transfer protein has the 
nucleotide sequence as shown In SEQ. 10. NOS. 1 . 2, 5, 7. 8, 1 
together with 5. 2 together with 7. the first 108 bases of 2 together 
with 8. or the ftrst 108 bases of 2 together with 7 and 8. 

10. The expression vector acxxrding to Claim 8 wherein 
the DNA sequence coding for all or part of the high molecuiar 
weight subunit of microsomal triglyceride transfer protein has part 
of the nucleotide sequence as shown in SEQ. ID. NOS. 1 , 2. 5. 7, 
8, 1 together with 5. 2 together with 7, the first 10P. bases of 2 
together with 8, or the first 108 bases of 2 toget'ier wrth 7 and 8. 
wherein the DNA sequence coding for part of tne high molecular 
weight subunit of microsomal triglyceride transfer protein Is at least 
about 15 sequential nucleotides in length. 

1 1 . A prokaryotic or eukaryotic host cell comprising the 
expression vector aooording to Claim 8. 

1 2. A prokaryotic or eukaryotic host cell comprising the 
expression vector according to Claim 9. 
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13. A prokaryotic or oukaryotic host O0O comprising tho 
expression vector ttcoording to Claim 10. 

14. A method for produdng a polypeptide molecule 
having all or part of the high molecular weight subunit of 
microsomal triglyceride transfer protein, which comprises culturing 
a host cell according to Claim 1 1 under conditions permining 
expression of the polypeptide. 

15. A method for producing a polypeptide molecule 
having all or part of the high molecular weight subunit of 
microsomal triglyceride transfer protein, which comprises culturing 
a host cell according to Claim 12 under conditions permitting 
expression of the polypeptide. 

16. A method fdr producing a polypeptide molecule 
having all or pari of the high molecular weight subunit of 
microsomal triglyceride transfer protein, which comprises culturing 
a host cell according to Claim 13 under conditions permining 
expression of the polypeptide. 

17. A method lor detecting a nucleic add sequence 
coding for ail or part of the high molecular weight subunit of 
microsomal triglyceride transfer protein or a related nucleic acid 
sequence, which comprises: 

(a) contacting the nucleic add sequence with a 
detectable mariwr which binds spedfically to at least 
part of the nudeic add sequence, and 

(b) detecting the marlier so bound; 

wherein the presence of bound mariier IndiccUes the presence of 
the nucleic add sequence. 
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ie. The method acxx)rding to Claim 17 wherein the ONA 
sequence has the nucleotide sequence as shown In 5EO. ID. 
NOS. 1 . 2. 5. 7. e, 1 together with 5, 2 together with 7, the first 108 
bases of 2 together with 6, or the first 108 t>ases of 2 together wtth 
7 and 8. or a part of any thereof of at least 15 sequential 
nucleotides In length. 

19. The method according to Claim 17 wherein the 
detectable marker Is a nucleotide sequence of at least about 15 
nucleotides In length complementary to at least a portion of the 
nudelc add sequence coding for the high molecular weight 
subunH of microsomal triglyceride transfer protein. 

20. The method according to Claim 10 wherein the 
nucleotide sequence Is selected from the group consisting of a 
genomic DNA sequence, a cONA sequence, an RNA sequence, a 
sense RNA sequence or an antlsense RNA sequence. 

21. The method acconflng to Claim 17 wherein the 
detectable marker is labelled with a radioisotope and the detecting 
step Is carried out by autoradiography. 

22. An Isolated polypeptide molecule comprising at least 
five sequential amino ackls of the high molecular weight subunit of 
microsomal triglyceride transfer protein. 

23. The Isolated polypeptide molecule of Claim 22 
encoded by all or part of SEQ. 10. NO. 2. 

24. The Isolated polypeptide molecule of Claim 22 
encoded by part of SEQ. ID. NO. 1 . 
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25. The polypeptide molecule according to Cialm 22 
having the amino add sequence as shown In SEO. ID.- NOS. 3. 4. 
or 3 together with 6. 

26. The polypeptide molecule according to Claim 22 
having part of the amino add sequence as shewn In SEQ. ID. 
NOS. 3, 4, or 3 together whh 6. 

27. A method for detecting an Inhibitor of microsomal 
triglyceride transfer protein oomprtsing: 

(a) Incubating a sample thought to contain an Inhibitor of 
microsomal triglyoerlde transfer with deteciably 
labeled Splds In donor panicles, accsptor partldes 
and microsonfuil trlglyotrkle transfer protein; and 

(b) measuring the transtir of tht detectabty labeled lipid 
from the donor paitides to the acceptor particles 
promoted by the microsontal triglyceride transfer 
protein; 

wherein the inhibitor will decrease the rate of transfer of detecably 
labeled lipid from donor particles to acceptor partldes. 

28. A method for preventing, stabilizing or causing 
regression of atherosclerosis In e mammalian spedes comprising 
administration of a therapeuticatty effective amount of an agent 
which decreases the amount or activity of microsomal triglyceride 
transfer protein. 

29. A method for decreasing serum flpid levels In a 
mammalian spedes. which comprises administration of a 
therapeutically effective amount of an agent which decreases the 
amount or acth^tty of microsomal triglyceride transfer protein. 
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30. Th« method of Claim 29. v/horein the Optd is selected 
from one or more of cholesterol, trtglyoerlde. cholesteifl ester, arnl 
phosphatidylcholine. 

31 . A method tor preventing or trestlno pancreatitis In a 
mammalian species comprising administration of a therapeutically 
effective amount of an agent which decreases the amount or 
activity of microsomat trfglycerfde transfer protein. 

32. A method tor preventing or treating obesity In a 
mammaUan species comprising administration of a therapeutically 
effective amount of an agent which decreases the amount or 
activity of microsomal triglyceride transfer protein. 
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